




A COURSE 

OF 

ELEMENTARY INSTRUCTION 


tN 


PRACTICAL BIOLOGY. 









A COURSE OF 
ELEMENTARY INSTRUCTION 

IN 

PRACTICAL BIOLOGY 

BY 

T. H. HUXLEY, LL.D., F.R.S., 

ASStSrKD BY 

H. N. MAllTIN, M.A., M.D., D. Sc, F.R.S. 


K /•: l '/SAD EDITION 
EXTENDED AND EDITED 


a B. HOWIlS, 

AsSISTJ\M PKOEKS.SOR f»F ^OOI fH'.V, NORMAI- SCHOOE OK M HaNCfc, 
ANL» KOV'AU SCIlUOl- t)F AlINFis, 

AND 

D. IL SCOTT, M.A., I^ii. D., 

ASSISI AM I'Kori^sOK OF BOTANY, NOKMAI. SCHUOI. Oh SCIENCE 
AND KOYAI- SCHOOL OF MINKS, 


WITH A PREFACE BY 

rROFLSSOR HUXLEY, F.R.S, 


Honlfon : 

MACMILLAN AND CO. 

AND isKW YORK. 

1888 

\^All Rights rcserv€d.\ 



First Printed 1875. Printed and Stereotypd 1876. 

Reprinted March and July 1877, February and Ikceniber 1879, 1S8], 
1882, 188;,, 1885, March, September, Fa ember, 1886, 1887. 
Kevi.^ed and extended edition^ i88S. 


„ , _• 

: I'KINIhL) UY C. J. CLAY, M \ \M> .S''Ns, AT THE UNIVEKijl'lY TliES.**. 



PREFACE TO THE REVISED EDITION. 


'riiK fust edition of the Course of J^rnctical Instruction in 
I'dementary fUolo^^y a|)i)eared twelve years ago, and the 
motives wliicli led to its publication are fully explained 
in the original ])reface, which is sul)j(;ined. The present 
edition has been carefully revised and, where necessary, 
enlarged by my colleagues Mr Howes and J)r Scott, assistant 
i^rofessors in Zoology and Botany in the Normal School of 
Sci(j/ice and Royal School of Mines, and such additions 
and* improvements are cntirel)^ their work. But besides 
these changes, the reader who compares the two editions 
will obs?fve that order in which the subjects arc pre- 
sented is completely changed. In the first edition the 
lowest forms life were first dealt with ; the series of 
})]ants followed in eVseending order ; and then the series of 
animals, ^rom the Bell aaimalculc iipw^ards to the Prog. 

No doubt t^ere is* much to be said for the principle of 
this Arrangement, which leads the student from the study 
yf simple to that of comple ’ phenomena; but the experience 
of the Lccture^oom and the Laboratory taught me that 
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philosophical as it might be in theory, it had defects in 
practice. 

All the simplest forms of life, whic:h are easHy accessii)le, 
are of very minute size and their study involves the use 
of high microscopic jiowers. * The student wlio begins with 
them is therefore not merely introduced suddenly into a 
region in which everytlnng is new and strange, but he has 
to familiarize himself with the use of unwonted means of 
exphuaition. By taking this road, the teacher (to whom the 
world of the microscope is so familiar that he is apt to 
forget its strangeness to students) sets himself against one 
of the soundest canons of instruction, which is to i)roceed 
trom the known to the unknown, and from familiar methods 
of learning to those whicli are strange. 

After two or tliree years’ trial of the road from the sim])Ie 
to the complex, I became so thoroughly convinced that the 
way from the known to the unknown was easier for students, 
tliat I reversed my course, and began with sik h animals as 
a Rabbit or a Frog, about which everybody knows something, 
\\hile their anatomy and physiology is illustrated by in- 
numerable analogies with those of our own bodies. From 
this starting ])oint we proceeded further and further into 
the unfamiliar regions of invertebrate organisation until we 
reached the border region between animals and j)lant;, 
wliencc there Avas a natural and easy ascent to the most 
com])licate(l vegetable organisms. 

This order is followed in the present edition ; which is 
greatly improved by the addition of the Flarthworm an*^^ the 
Snail in the series of animal, and of Sfiirogyra in the series 
of vegetable, types. 
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I have every reason to believe that our course of in- 
struction in Ellementary Biology lias been found useful by 
many learners and teachers. But wliatever the value of 
our attempt to carry out a certain method of instruction, I 
am more than ever convinced that the melliod itself is one 
which will eventually be universally adopted, not only by 
teachers of the liiologiral sciences as such, but by the 
teachers of so much of those sciences as constitute the 
foundation of medicine. 

No man can be competent to deal with the greater 
problems of biolftgy as they are now presented to us, unless 
he has made a airvey, at once comprehensive and thorough, 
of the whole field of biological investigntion. The animal 
and the vegetable worlds are only two aspects of tlie same 
fundamental series of phenomena, and each is capable of 
throwing a flood of liglit upon the other. I know of no 
way by which such a broad, but not superficial, survey can 
be effected exceiit the method adopted in this work. 

Again, while to my mind, nothing is more to be 
deprecated than the compulsory waste of the invaluable 
time of g.udents of medicine, upon topics so remote from 
the serious business of their lives as are systematic Zoology 
and Botany, thcr(? is no preparatory discipline so well 
#alculated to sg-ve as a practical introduction to the study 
of Human Anatoipy and Physiology, as that afforded by a 
proper laboratory course of Elementary Biology. 

Sundry ex||criments have left no doubt upon my mind 
that by following such a course of three or four months’ 
duration, the medicg.1 neophyte is enabled to enter upon 
his proper studies, provided with a practical knowledge of 
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Anatomy, of Histology, and of the Elements of Panbry- 
ology and of Physfology, such as under the present system 
is either not acquired at all, or is gained at tlic. expense of 
time and labour which can .be ill spared from practical 
subjects. 

T. H. HUXLEY. 

Novf^nikr, 1887. 



PREFACE TO THE FIRST EDITION. 


Very sQpn after I began to teach Natural History, or what 
we now call biology, at the Royal School of Mines, some 
twenty years ago, I arrived at the conviction that the study 
of living bodies is really one discipline, which is divuled into 
Zoology and Pjotany simply as a matter of convem’ence; and 
that tlie scientific Zoologist should no more be ignorant of 
the fundamental phenomena of vegetable life, than the 
scientific botanist of those of animal existence. 

^loreover, it was obvious that the road to a sound and 
thorough knowledge of Zoolo^ and Botany lay through 
Morphology and Physiology ; and that, as in the case of all 
other ]?hysical sfi^nces, so in these, sound and thorough 
knowledge was only to be obtained by practical work in 
Pile laboratory.^ 

The thing to be.*done, therefore,* was to organize a course 
of practical instruction in Elementary ]3iology, as a first 
towards ihe special work of the Zoologist and Botanist. 
Buf this was forbidden, so far as I was concerned, by the 
^limitations of space in th\ building in Jermyn Street, which 
possessed no foom applicable to the purpose of a labora* 
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tory ; and I was obliged to content myself, for many years, 
with what seemed* Ithe next best thing, namely, as full an 
exposition as I could give of the characters of certain plants 
and animals, selected as types of vegetable and animal 
organization, by way of introeluction to systematic Zoology 
and Palaiontology. . ^ 

In 1870, my friend Professor Rolleston, of Oxford, pub- 
lished his Forms of A ni null Lifi^ It appears to me that 
this exact and thorough book, in conjunction with the 
splendid api>liances of the University Museum, leaves the 
Oxford student of the fundamental facts of Zoology little to 
desire. Put the Linacre Professor wrote for the student of 
Animal life only, and, naturally, with an especial eye to the 
conditions which obtain in his own University; so that 
there was still room left for a Manual of wider scope, for 
the use of learners less happily situated. 

In 1872 1 was, for the first time, enabled to carry my 
own notions on this subject into prac tice, in the excellent 
rooms provided for biological instruction in the New 
Puildings at South Kensington. In the short ccjurse Jof 
Lecture i given to Science LSachers on this occasic^n, I had 
the great advantage of being aided by my friends Dr*F()ster, 
P.R.S., Prof. Rutherford, F.R.S., and Prof? Lank caster, F.R.S., 
whose assistance in getting the laboratory TOrk into prac-* 
tical shaj)e was invaluablQ. ^ 

Since that time, the biological teaching of the Royal 

School of Mines having been transferred to South J^ensing- 
* • , 4 

ton, I have hefon enabled to mcjdcl my ordinary cours^ of 

instruction upon substantially the samej 3 lan. 

The object of the present book^s to serve g,s a laboratory 
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guide to those who are inclined to follow upon the same 
road. A number of common and rcacfify obtainabl'" plants 
and animals have been selected in such a manner as to 
exemplify the leading modifications of structure which are 
met with in the vegetable -and animal worlds. A brief 
^lescription of each is given; and tlic description is followed 
by such detailed instructions as, it is hoped, will enable the 
student to know, of his own knowledge, the chief facts 
mentioned in the account of the' animal or ])lant. The 
terms used in Diology will thus be represented by clear and 
definite images^of the things to which they apply ; a com- 
prehensive, and yet not vague, conception of the ])henomena 
of Life will be obtained ; and a firm foundation upon which 
to build u[) special knowledge will be laid. 

'The chief labour in drawing up these instructions has 
fallen upon i)r Martin. For the general plan used, and 
the descriiitions of the several j)lant‘i and animals, I am 
responsible; but I am indebted for many valuable sugges- 
tions and ('riti('isms from the botanical side to my frientl 
ijof. Thiselton Dyer. 


London, 

September^ i<S75. 


T. II. H. 
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p. -24,1. 12. After ‘so-called 
)lecn already described (]). 16)’. 


e:rrata. 


ufs' read ^ other than the 


]). 26, 1. 19, for ‘Munro’ read ‘Monrob 
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THE EROG {Rana tcmporaria and Ra?ia escnlenta). 


The only si)ecics of Erog indigenous in Britain is that termed 
the ‘common’ or Grass Erog’ {Rana iempora^Ha)^ while, on 
the Confluent, there is, in addition to this, another no less 
abundant species, the hind-limbs of which are considered a 
delicacy, whence it has received the name of the ‘Edible 
h'rog’ {Ran a esenknfa). Unless the contrary be expressly 
stated, the description here given applies to both species. 
The Edible Erog is usually larger than the other, and is 
therefore more convenient for most anatomical and physio- 
logical purposes. 

In the body of the Erog the head and trunk are readily 
distinguishable; but there is no tail and no neck; the con- 
tours of tlje head pass gradually*"into those of the body, the 
fore-lim4s being situated immediately behind the former. 
There are two peftrs of limbs, one anterior and one 
posterior. 

The whole bofiy is invested by a smooth moist integument. 
The yellowish grou'nd-colour of the skin is diversified by 
patches a more or less intense black, brown, greenish, or 
reddish-yellow colour, and, in the Grass Fr6g, there is a 
larger deep Brown or black patch on each side of the head, 
behind the eyes, whicl^ is ^^ry characteristic of the species. , 
The coloration of different frogs of the same species differs 
widely; and the same frgg will be found to change its colour, 


M. 
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becoming dark ir a dark place, and light if exposed to the 
light. 

The body of the Frog presents only two tjiedian aper- 
tures, the wide mouth and the small cloacal apertuxc. ,^The4 
latter is situated at the posterior end of the body, but rather 
on its upper side than at its actual termination. It is com- 
monly termed the a7uis^ but it must be recollected that it 
does not exactly correspond with the aperture so termed in 
the Mammalia. 

The two nostrils, or extertial naf'es^ are seen at some dis- 
tance from one another upon the dorsal aspect of the head, 
between the eyes and its anterior contour. The eyes are 
large and projecting, with well-developed lids, whicli shut 
over them when they are retracted. Behind the eye, on 
each side of the head, there is a broad circular area of 
integument, somewhat different in colour and texture from 
that which surrounds it ; this is the outer layer of the mem- 
brane of the tympanum^ or drum of the ear. 

The fore-legs are very much shorter than the hind-legs. 
Each fore-limb is divided into a brachimn^ antehrachium and 
ftianus, which correspond with the arm, forc-arm and hanfi in 
Man. The manus possesse's four visible digits whjch answer 
to the second, third, fourth, and fifth fingers in Man. There 
is no web between the digits of the manus. 

The hind-legs are similarly marked out into three divi- 
sions, jemur^ criis^ and pes^ of which the ffcmur answers to 
the thigh, the crus to the leg, and the'*pes to the foot, in 
Man. The pes is remarkable not only for its gre^^ relative 
size as a whole, but for the elongation of the region w^hich 
answers to the tarsus in Man. It will be obser\^^d, however, 
that there is no projecting heel. There arc five long and 
slender digits, which correspond with the %e toes in Man; 
and are united together by thin e^ft-ensions of the integu- 
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merit constituting the web. The innernnost and shortest 
answers to the hallux, or great toe, in Man. 

At the b^e of the hallux, the integument of the sole 
pre{jpiits*a small horny prominence, which overlies a bony 
calcar ; sometimes there is a Similar but smaller elevation 
oij the outer side of the foot: but there arc no nails upon 
the ends of any of the digits of either the pes or the manus. 
Thickenings, or callosities, of the integument, however, occur 
beneath the joints of tlie digits, both in the pes and the 
manus. 

During the breeding season, the integument on the 
palmar Surface of tlie innermost digit of the manus, in the 
male, becomes converted into a rough and swollen cushion. 
This, in the Grass Frog, acquires a dark-brown or black 
colour. 

The Frog, when at rest, habitually assumes a sitting pos- 
ture much like tliat of a dog or cat. Under these circum- 
stances tlie back appears humped, the posterior half being 
inclined at a sharp angle with the anterior half. The ver- 
tebral column, however, will be found to be straight, and the 
apparent hump-back arises, not from any bend in the verte- 
bral coliynn, but from the nihnner in which the bones 
of the lyp-girdle are set on to the sacrum. 

The walk of tffc^Frog is slow and awkward, but it leaps 
with great force, by the sudden extension of the hind-limbs, 
and It is an adiflirable swimmer. 

In a living Frog, the nostrils w*ill be seen to be alter- 
nately (^Dcned and shut, while the integument covering the 
under side of the throat is swollen out and ikittened. The 
sucking in ilnd circulation ^f the air needed for the Frog’s 
respiration is connected with these movements. 

The upper qyelid of the Frog is large and covered with 
ordinary pigmented ^tegument, and it has very little 
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mobility. That which performs the function of the lower 
eyelid in Man, is a fold of the integument little pigmented 
and, for the most part, semi-transparent, resembling the 
nictitating membrane of a *bird rather than an 'ordinary 
lower lid. If the surface o‘f the cornea be touched, the 
eyeball is drawn inwards under the upper lid, which de- 
scends a little, at the same time as the lower lid 
ascends over the ball, to meet the upper lid and close 
the eye. 

As is well known, Frogs emit a i)eculiar croaking sound, 

• • 

their vocal powers being more especially «ianifcsted in the 
breeding season, when they collect togetlier at the slirface of 
pomls, pools and sluggish streams, in great numbers. At 
this season, which commences in the early s])ring for the 
Grass TTog, but much later on in the year for the Edible 
Frog, the male seeks the female and, clasping her body 
tightly with his fore-limbs, remains in this position for days 
or even weeks, until her ova are discharged, when he 
fecundates them by a simultaneous out-pouring of the 
seminal fluid. Shortly after the eggs pass into the water, 
the thin layer of mucus secreted by the oviduct, \Jith 
wiiich each egg is surroundSd, swells up by imbi^tion and, 
with that which surrounds the others, it gives rjse to a 
swollen mass, in which tlie eggs remain iftiTicdded during the 
early stages of their development. 

The process of fecundation above alliiTled to, usually 
results in the fusion between each egg and one of the sper- 
matozoa contained in the seminal fluid, and it #is only 
when this hasl^cen effected that the egg, which is then said 
to be fertilized, is competent to«rej)roduce the Species.* It 
follows that fertilized oviun is^ <'o^jipound of the egg of 
the female and a spermatozooid of the male^^ind it has been 
accordingly termed the oosperm^ by )^ay of distinction from 
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the unfertilized egg {pvmian ovum) as ,iW leaves the body 
of the female. 

The devclypment of the eggs is closely dependent upon 
temgeraHire, being greatly accelerated by warmth and re- 
tarded by cold. The process* of yelk-division, or scgmen- 
ta^ 07 i which commences within a few hours of impreg- 
nation, can be readily observed when the eggs are examined 
as o})a(pie objects under a lower power of the microscope. 
It is ushered in by the appearance, on the surface of the 
egg, of a furrow which passes completely round the same, 
and, gradually dcei)cning, constricts it into two equal 
halves. •Eac h of these again becomes subdivided, and, the 
process being repeated, there results a mulberry-like mass 
of cmbryo-celh^ from which the formative tissues of the 
body arc ultimately derived. Segmentation such as this, 
in which the first furrow completely cleaves the whole egg 
into two, each successive one similarly subdividing that cell 
with which it is related, is termed complete or Jwloblastic. 

While still within the mucus investment the embryo 
assumes the form of a minute fish, devoid of limbs and with 
on^ rudiments of gills, but provided with two adhesive 
discs on ^le ventral side of the head behind the mouth. 

After^ leaving the egg, the larva acquires three pairs of 
exkmal bniuchi(c\\^'\\v^ the foim of branched filaments, at- 
tached to the sides of the hinder part of the head. Narrow 
clefts in the skift at the roots of the branchiae lead into the 
back of the throat or pharynx. Water taken in at the 
mouth 4)asses out by these branchial clefts. The animal 
crops the aijuatic ])lants on which it lives, by means of the 
homy plates with which its jaws are jirovided. 

In the Tailpoh\ as the larval Frog is called, the intestine, 
which is relativ^ily longer ttian in the adult, is coiled up like 
a watch-spring in th(^ body cavity. A membranous lip, 
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the surface of which is beset with numerous horny papillae, 
surrounds the mouth, and the muscular tail acquires a large 
relative size. The eyes, the nasal and aiK^itory organs 
become distinct, but no limbs are at first visible. ' vs 

A fold of the integument* in the hyoidean region, called 
the opercular membrane^ now grows ]')ack over the external 
gills and unites with the integument covering the trunk, 
leaving only a small aperture on the left side, through which 
the ends of the external gills of that side may, for some time, 
be seen to protrude. The external gills atrophy, and are 
succeeded functionally by short processes developed from 
the 0 ])posing faces of the branchial clefts — internal 
hranclu(V. The rudiments of the limbs a])pear, rai)idly elon- 
gate and take on their characteristic shape, the hind pair 
only being at first visible on account of the anterior [lair 
being hidden under the opercular membrane. The lungs 
are developed and, for a time, the tadpole breathes both by 
them and by its internal gills. 

As the legs grow the tail shortens and, at last, is re- 
presented merely by the pointed end of the body ; the gape 
elongates until the angle of the mouth lies behind the Qye, 
instead of a long way in front of it, as in the tac|j)ole ; the 
labiux membrane and the horny armature of th^ mouth 
disappear, while teeth are developed ift 'the u])})er jaw and 
on the roof of the mouth ; the intestine becomes less and 
less coiled as, not growing at the same nfte as the body, 
it becomes relatively shorter ; and the animal gradually 
changes its diet from vegetable to animal matUfrs — the 
perfect Frog Weing insectivorous. 

The two species, jRana iemporaria and RaHa escul&tiia, 
are distinguishable by the following eternal characters. In 
Rana te7nporaria, the interspace between the eyes is flat or 
slightly convex, and its breadth is usually greater than, or 
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at least equal to, that of one of the upjper eyelids. The 
diameter of the tympanic membrane is less than that of the 
eye, often much less. The horny elevation on the outer side 
of ^he pes is small or absent, and that on the inner is 
flattened and has a rounded margin. A patch of dark 
colour extends from the eye backwards over the tympanic 
membrane. The males have the cushion on the radial side 
of tlie manus black, and they arc devoid of vocal sacs. 

In esculcnta^ on the other hand, the interspace be- 

tween the eyes is usually concave and narrower than the 
breadth of one pf the eyelids. The diameter of the tym- 
panic ntembrane is as great as that of the eye. The horny 
elevation on the inner side of the pes is elongated, com- 
pressed and brought to a blunt edge, so as almost to resem- 
ble a spur, and a small outer elevation is constantly present. 
Tliere is no patch of colour at the sides of the head, such 
as exists in Ra?ia femforaria, and the cushion of the inner 
digit in the male is not black. I'he males have a large 
pouch on each side of the head, behind the angle of the 
jaw, communicating with the cavity of the mouth, and, when 
tlfcy croak, these iioiichcs, becoming dilated, assume the 
form of splierical sacs. 

Having thus b#coine acquainted with the general cha- 
racters and life-history of the I'rog, and with those features 
of its organization wliich are visible to the naked eye and 
without dissection, its structure Tnay next be studied in 
detail.^ 

If the trunk be laid open, it will be fqpnd to enclose 
a^,avity in which some of the most important viscera — the 
stomach and intestine, the liver, the pancreas, the spleen, 
the lungs, th<j kidneys aHd urinary bladder, and the repro- 
ductive organs — are contained As this cavity answers to 
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those of the pleune and of the peritoneum in the higher 
animals, it is termecf the pleuropcrito 7 ical cavity ; and the soft 
smooth membrane which lines it and covers the contained 
viscera is the pleuroperitoical membrane. 

The vertebral column traverses the middle of the roof of 
this cavity, and the la3^er of pleuroperitoneal membrane 
which lines each lateral wall of the cavity, passes downwards 
on each side of the vertebral column and joins its fellow in 
the middle line to form a thin sheet, the mesejitery^ which 
suspends tlie alimentary canal. In the triangular interval 
left between these two layers before they unite, a wide 
canal {subvcrtcbral lymph si;/ as), the dorsal aorta and the 
chain of sym])athetic ganglia, are situated. 

I’he antero-dorsal moiety of the pleuroperitoneal cavity 
is occui)ied by the gullet, which places the mouth in com- 
munication with the stomacli. Ueneath the gullet the 
pleuroperitoneal cavity is separated only by a thin partition 
from a chamber, the pericardii/;;/, which contains the heart. 
The posterior face of the partition is constituted by the 
pleuroperitoneum, its anterior face by a membrane of 
similar character, the pe;'ica}'dial me;;ib;’a;ie, which lines t<ie 
pericardium and is reflected on to the heart, in the same 
way as the pleuroperitoneum lines the pleuroperitoneal 
cavity and is reflected on to the intest^ni:. The exposed 
surfaces of both the pericardial and pleuroperitoneal mem- 
branes are kept permanently moist by a flui4l {seroi/s fluid) 
which more or less completely fills the cavities which they 
enclose; hence they are termed serous membranes. 

A layer of the muscular fibres which enter into the body- 
wall is continued inwards at the anterior boundary of ^lie 
pleuroperitoneal cavity and is attached to the sides of the 
cesophagus and to those of the ^pericfirdiuin, thus consti- 
tuting a so-called diaphragm; which, it will l^e observed, is 
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situated in front of the lungs, and not be^iind them, as in 
the higher animals. 

Thus, in the trunk, on the ventral side of the vertebral 
coluijjn, the t)ody presents two cavities, a large posterior 
pleuroperitoneal cavity, and a* small anterior pericardial 
cavuty; while neither of these communicates directly with 
the exterior, there is in the female an indirect communica- 
tion by the oviducts. 

On the ventral side of the head, the very wide mouth 
opens into a spacious buccal cavity, the roof of which is hard 
and firm, while th^ floor is soft and flexibl'e, except so far as 
the middie of it is occu])ied by a broad, flat, for the most 
part gristly plate, the body of the /lyoid bone. AVithin tlie 
lips the upper jaw is beset with numerous sharp small teeth, 
and two clusters of similar teeth are to be seen in the fore 
part of the roof of tlie mouth; the latter, being attached to 
the bones termed the vo??icrs, arc the vomerine teeth, while 
the former, attached to the prcmaxilhc and 7naxi!I(je^ are 
maxillary teeth. The lower jaw or 7}iandihle is edentulous. 

At the sides of the clusters of vomerine teeth are the 
apertures termed posterior nares^ by which the nasal chambers 
communicate with the mouth. At the sides of the back part 
of the throat two wide passages, the Eustachian recesses^ lead 
into the ^‘tympanic cfiffities, which are closed externally by the 
tympanic membranes. Tn the male Rana esculcnia the small 
apertures of the vocal sacs are seen on the inner side of each 
ramus of the jaw, close to the angle of the gape below and in 
front of J^he Eustachian recesses. In the middle of the back 
of the throat is the opening of the cesophagus,oclosed by the 
app^ipximation of its sides except during deglutition, while in 
the median line of the hinder part of its floor lies a longitu- 
dinal slit, the glottis, ^ K flifshy tongue, bifurcated and free 
at its posterior end, is aUached anteriorly to the middle part 



10 ELEMENTARY BIOLOGY. [CHAP. 

of the lower jaw.* Jn a state of rest, therefore, it lies on the 
floor of the mouth witli its free end turned backwards, and 
one point on each side of the glottis. ^ 

The gullet, after travers-ing the so-called dkiphj^gm, 
passes into tlie elongated stomach. At its posterior end this 
narrows and joins the slender small wfestine. Though shgrt, 
this is too long relatively to the length of the })leuroperi- 
toneal cavity to lie straight in it. It is, therefore, thrown 
into sundry folds which are suspended to the dorsal wall of 
that cavity in the manner before described. P'inally, the 
smull intestine enters the dilated short l^rge ijitcsthie^ and 
this opens into a chamber with muscular walls, the cloaca^ 
the external aperture of which has been already mentioned. 

Thus the alimentary canal is a tube which traverses the 
body from the oral to thi,' anal apertures ; and the heart, en- 
closed in the pericardium, is situated in the middle line on 
the ventral side of the same. 

Separated from the pleuroperitoneal and buccal cavities by 
the bodies of the vertebne and the hard roof of the buccal 
chamber which continues the direction of these forwards, is 
an elongated cavity, widest in the head but becoming J'ery 
narrv)w posteriorly, which i5 closed on all sides bv the bony 
and other elements of the head and spinal column. This is 
the mural cavity and contains the brififl and spinal cord, 
whicli together constitute the cerebrospinal nervous axis. The 
neural cavity is lined by a serous mernbraifc resembling the 
peritoneum and the j^cricardium, and this aj’achnoid mem- 
brane on to and covers the contained, cerebro- 

spinal axis, so*that the latter is related to it as the heart is to 
the pericardial membrane. ^ 

The cerebrospinal ?ierves which are given off from the 
brain and spinal cord pass to ^eir destinp/Ion through the 
boundary walls of the neural cavity. 



I.] 


THE FROG. 


II 


A transverse section of the head in the^-egion of the eyes 
will shew, in the middle line, a dorsal cavity in which the 
anterior part of the cerebro-spinal axis, the bram, is con- 
tain^i^J, Separated by the solid floor of the skull from a 
ventral cavity, the mouth. 

A transverse section of the trunk will shew a dorsal 
cavity containing the posterior part of the cerebro-spinal 
axis, the sj^inal cord, separated by the solid floor of the 
vertebral column from a ventral cavity enclosed by the 
alimentary canal and continuous with that of the mouth. 
But the backward continuation of the alimentary canal lies 
within the large pleuro])eritoneal chamber, of which there is 
no indication In the head. 

If a transverse section of the trunk of the Frog be com- 
pared with one across the middle of the body of tlie Crayfish 
or Lobster (Chapter ii,) it will be seen that while the chief 
nervous centre is on one side of the alimentary canal and 
the heart on the opposite side in both cases, the face of the 
body on which tlie nervous centre lies is that on which the 
Crayfish or I.obster naturally rests, while in the Frog it is 
thcvreversc. The limbs arc turned towards the neural side 
in the Crayfish and away from it in the Frog, and the like 

difference obtains between all Art/iropoda and all Vertebrata, 

% 

Using the term skeleton, in its broadest sense, for the 
framework which protects, supports and connects the various 
parts of the organism, it consists in the Frog of four kinds of 
tissue ; vhe Horny, the Osseous, the Cartilaginous and the 
Connective. Moreover, the hard parts are either developed 
in ^le integument, constitujiing an cxoskcleton, or they are 
deeper seated and belong to the endoskeleton. 

Leaving asid^ a question that may arise as to the nature 
of some of the cranial bones, the exoskeleton in the Frog is 
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almost absent, bejng represented only by the horny coating 
of the calcar. 

The endoskeleton, on tlie contrary, is well develo})ed and, 
as in all the higher Vertebrata, may be resolved^ iny:) an 
axial and an appendicular portion. 

The adult axial endoskeleton is rei)resenled by the spipal 
column and the skull. 

Tlie append icitlay endoskeleton consists of the limbs and 
the pectoral and pelvic arches to which tliey are attached. 

In the order of development, the endoskeleton is at first 
represented ])y a membranous rod or ^^uofochord alone ; 
secondly, nascent connective tissue and cartilage are super- 
added to the notochord ; thirdly, these accpiire their special 
characters ; fourthl)-, they become replaced by bone, wholly 
or in part. 

The process of conversion or replacement indicated under 
the last head is very incomplete, even in the adult Frog, 
in which remains of the notochord are to be found in the 
centres of the vertebrae {intra-veyiclmil twdies) ; while the 
cartilage, of which the greater part of the skeleton at one 
j)criod of larval existence was composed, to a great exfent 
persists. ' ^ 

Such cartilage is found forming the free surfaces of the 
bodies of the vertebrae, the extremities 'i6f the caudal style 
(^nrostyle) and the ends of the transverse i)rocesses ; and it 
enters largely into the girdles. In the skr??!, nearly all the 
bony elements may be removed, leaving behind the primi- 
tive cartilaginous skull, or Chondro-craniuni^ altered, vonly so 
far as parts of 'it have been replaced by bone. 

It furnishes a floor, side walls and roof to the brain-oise, 
interrupted only by three spaces {/ontanclles) in its roof 
covered in by membrane, and by the fofamina for exit 
of the cranial nerves. In front it^ is continued forward 
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between the two nasal sacs, as a cartikiginous partition 
{septum narium\ from which arc given off, dorsally and 
ventrally, transverse alae of cartilage which furnish a roof 
and|ji floor, respectively, to the nasal chambers. These 
pass into one another where tlie cliondro-cranium ends an- 
teriorly and give rise to a truncated terminal face, the lateral 
angles of whicli are produced outwards and forwards into 
two flattened pne-7iasal pr'ocesscs; these widen externally 
and support the adjacent portions of llic premaxillic and 
maxillaj. From the ventral face, just behind tlie truncated 
anterior end of #he chondro-cranium, si)ring two slender 
cartilages, the rhinal processes. Each of these inclines to- 
wards the middle line and ends against the middle of the 
posterior face of the ascending process of the premaxilla 
by a vertically elongated extremity. An oval nodule of 
cartilage is attached to the posterior face of the above* 
named process, and serves to connect it with the 
rhinal proc'ess. On the dorsal face of the chondro-cranium, 
just above the point of attachment of the rhinal processes, 
the external nasal apertures are situated, and the outer and 
posterior margins of each of these apertures are surrounded 
and suppcjftcd by a curious curved process of tlie cartilagi- 
nous al^— the alinasal process. Where the sphenoidal and 
the ethmoidal porti^is of the sphenethmoid meet, a stout, 
transverse, partly osseous and partly cartilaginous bar is 
given off, which •Is perforated at its origin by the canal for 
the orbito-nasal nerve. It then narrows, but becoming 
flatteneci from above downwards, rapidly widens again, and 
its axe-head-like extremity abuts against the '’inner face of 
the^naxilla. The anterior ^ngle of the axe-head is free; 
the posterior angle ij continued back into a slender carti- 
laginous pterygoid rod which bifurcates posteriorly ; this (the 
suspensariiim) furnishe^the articulation for MeckePs carti- 
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lage which formSftl^e core of the ramus of the lower-jaw or 
mandible. 

The floor of the mouth is supported by a^plate of carti- 
lage (the hyoid)y this is attached to the skull by’a sender 
cartilaginous band or cornU which is connected with the 
auditory capsule. 

The pectoral and j^elvic arches (see Laboratory work) 
are, in tlie young state, paired undivided cartilages, and the 
development of bone in and upon tlicm does not really 
destroy this continuity, the cartilage persisting at the ends 
of the bones, and between them in the cavities for articu- 
lation of the limb bones. ' 

In like manner, the l)oncs of the limbs consist originally 
of cartilaginous models of tlie perfect bone ; but, as deve- 
lopment proceeds, the middle of the cartilaginous model 
commonly becomes invested by a sheath of true bone, while 
calcareous deposits take place in the cartilage close to its 
growing extremities. As the bone grows, the superadded 
sheath invades the middle of the cartilage and more or less 
replaces it ; while the terminal portions of cartilage continue 
to grow and enlarge, and the calcareous deposit within them 
increases, without liowevef reaching their siirfac^es. Thus 
one of ’.he larger adult limb bones (say the femur)^ consists 
of a median portion or s/iiiffy and of terminal caps of 
cartilage containing calcified epiphyses overlying, and more 
or less enclosed within, the hollow ends of Tlie shaft. 

Seeing that the bony elements of the adult skeleton arise 
by superaddition to and replacement of a cartilagiiT^jus pre- 
decessor, it follows that those portions of it which remain 
permanently cartilaginous are persistent representative's of 
latter or embryonic endoskeleton. 

The general disposition of the parts wlfich are seen in 
the mouth has already been describfd. 
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Teeth are present only in the upper and roof of the 
mouth. They nre small, with recurved and pointed crowns. 
New teeth are constantly being developed in the gum to 
replace those which are worn out or broken away, and as 
they attain their full size these teeth become ankylosed to 
prqpesses of the subjacent bone. Their distribution and 
characters are such as to render mastication an impossibility; 
they are j)rehensile and utilized as hooks by means of which 
the animal as it were gets outside its prey. The evcrsible 
tongue is utilized as a means of capture of smaller creatures, 
chieiiy insects. 

The gullet passes without change of diameter into the 
stomacli, which lies on the left side of the pleuroperitoneal 
cavity and is nearly as long as it. The stomach narrows 
posteriorly and the almost tubular terminal portion bends 
round sharply and passes into the small intestine. A slight 
constriction {pylorus) marks their point of junction. 'The 
small intestine runs forwards parallel with the stomach, so 
that with tlie latter it forms a sort of loop; it is continued 
on coiled up into a sort of packet which lies to the right 
sidcj of the jdeuroperitoneal cavity, being held in its place 
by a mesenteric fold of the perilX)neum. Thence the small 
intestine^proceeds backwards in the middle line and opens 
into the anterior erfli of the dilated large intestine. 

1 he inner wall of the stomach is raised up into a number 
of strong longitfidinal folds which project into its cavity 
and give it a stellate appearance in transverse section. 
Similar J)ut more delicate folds are met with in the small 
intestine, the lining-membrane of which is p-oduced into 
parjillel series of semi-lunar , folds whose free edges project 
backwards. 

The opening jpf the ileum into the large intestine is val- 
vular, its edges projecting backwards into the cavity of the 
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latter. On the ^ dorsal aspect the large intestine presents a 
slight forward dilatation, which may be regarded as a rudi- 
ment of a caicum. 

The liver is very large, and incompletely di\^ide<J into 
two lobes, the left of which is further subdivided Into two. 
The gall bladder is attached to the posterior face of 
the right lobe. The bile duct opens into the duo- 
denum, at some distance behind the pylorus, running 
through the pancreas and receiving the duct of that organ 
on its way. 

The rounded spleen lies in the mesentery, projecting 
more to the left than to the right side, near the point at 
which the small intestine first becomes coiled. 

The apparatus of circulation in the Frog consists of the 
blood and lymph vessels and their contents. 

'fhe lymph is a colourless fluid containing colourless 
nucleated cor])uscles which exhibit amceboid movements: 
it is contained partly in large spaces immediately beneath 
the integument; in the ])leuroperitoneal cavity and pro- 
bably in the other serous cavities; and, partly, in capillaries 
and larger trunks which are interlaced with and accompany 
the blood-vessels. Idie largest of the trunks i'^ the great 
sub-vei cebral lymph-sinus, which lies between ihe^ layers of 
the root of the mesentery and communicates by small pores 
with the pleuroperitoneal cavity. 

The blood consists of a colourless plasma which contains 
colourless corpuscles, similar to those of the lymph, and in 
addition a great number of oval nucleated red ccq^uscles. 
It is contained in the blood-vessels, which consist of capil- 
laries, arteries and veins, the two latter being connected on 
the one side by the capillaries and, on the other, by the 
heart into which they open. The lymphatics and the 
blood-vessels are brought into connexion with one another 
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at opposite ends of the body, through tlj^e agency of two 
pairs of contractile muscular sacs (lymph -hearts), which pump 
the lymph contained in the wide lymphatic vessels and ir 
tlie i^lcuropcritoneal cavity into the great veins in their 
neighhourhood. 

'J.lic blood and lymph systems may thus be regarded as 
subdivisions of a common circulatory system. 

'^Jdie heait is connected with the walls of the pericardium, 
by the vessels which enter and leave it, and by a slender 
band w’hicli passes from the dorsal face of the base of the 
ventricle to the ii)Osterior dorsal wall oT the pericardial 
chain bei> 

The heart consists of four readily distinguishable seg- 
ments, (i) the sinus venosus, (2) the atrium, (3) the veu- 
t?’ich\ and (4) tlie trunens arteriosus, disposed in such a 
manner that the sinus venosus, which is the hindermost 
division, lies in the middle line on tlie dorsal aspect 
of tlie heart : the atrium is also median and on the 
dorsal side l^ut is in front of the sinus venosus ; the 
ventricle is median, ventral and posterior; and the truncus 
passes oblicpiely forwards from the right side of the 
ventricle and is ventral and ahterior. d'he heart there- 
fore may lie compared to a tube divided by constriction 
into four jiortions %;ad bent somewhat into the shape of 
an S. 

The sinus vcimus receives on each side, in front, a large 
vein, the vena cava superior; while ‘behind the, usually sin- 
gle, Tcna^ cava inferior ojiens into it. It opens by a valvu- 
lar aperture into the atrium. I'he latter shews no signs of 
division externally, but internally, it is divided by a deli- 
cate partition, the septum of the auricles, into a smaller left 
auricle and a larger right aiTricle. The sinus venosus opens 
into the atrium, to th^ right of the septum and therefore 
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into the right auricle. Into the left auricle, the common 
puhnonary vcin^ formed by the junction of the veins from 
the riglit and left lungs, opens. ^ 

At its posterior end the -atrium opens hy tho au^culo- 
ventriciilar aperture into the ventricle. 

A small valve, prevented from flapping back by fine ten- 
dinous cor. Is, exists on each side of this aperture, and the 
septum of the auricles is continued back upon tlie faces of 
these valves and ends by a free edge between them, thus 
dividing the auriculo-ventricular aperture itself into two 
0[)enings. 

M'lie walls of the sinus and of the atrium are <v'ery thin. 
Those of the ventricle, on the other hand, are thick and 
spongy, only a comparatively small, transversely elongated, 
envity being left at its anterior end or base. At the 
right-hand extremity of this is the aperture which leads 
into the iruncus arteriosus. Three semilunar valves, which 
open from the ventricle into the truncus, surround this 
opening. 

The walls of the triuicus arteriosus are thick and mus- 
cular, though not nearly so thick as those of the ventricle. 
At its anterior end it apj^cars to divide into t^vo trunks, 
which diverge and immediately leave the pericardium to 
pass on to the sides of the gullet. Tlie elongated undi- 
\’ided part is the pylaugiiim^ the terminal part common to 
the divergent trunks is the synan^iiim, • The former is 
divided throughout its* length by a sort of fold which is 
attached to the dorsal wall while its opposite edg^ is free. 
Three semilutiar valves separate the pylangium from the 
synangium, in which are the t)pcnings, posteriorly, ofc the 
pulnionaty arteries, anteriorly of the carotid trunks ; while, 
at the sides, the cavity of the synangium t>pens into those 
of the right and left aortic arches. ^ The ai)parently simple 
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branches into which the tnincus artcrio^u^s divides, are, in 
fact, each made up of three separate trunks, tlie piilmo- 
ciitaneons truj^k behind, the aortic arch in the middle and 
the Ci^otui trunk in front. 

When the lieart is in action, the sinus venosus, the atrium, 
the, ventricle and the tnincus arteriosus contract in the 
order in which they liave just been named. Each contracts 
as a wliole, so that the two auricles are emptied simulta- 
neously. Tile blood from each is forced into the correspond- 
ing half of the spongy cavity of the ventricle, so that the 
right half of tlie i^xaitricle contains venous blood and the 
left artcrinl blood. When the systole of the ventricle takes 
place, the blood which is first driven into the truncus arte- 
riosus (the opening of which is, as has been seen, at the 
right end of the cavity) is therefore venous. Jt fills the 
conus arteriosus and, finding least resistance in the short 
and wide pulmonary vessels, passes along the left side of the 
median valve into them. But as they become distended 
the next portion of blood, consisting of the venous and 
arterial blood which have become mixed in the middle of 
the ^ventricle, passes on the right side of the longitudinal 
valve into^the aortic arches. Atid, as the truncus becomes 
more and more distended, the longitudinal valve, flapping 
over, tends more more completely to shut off the 

openings of the pulmonary arteries and to j)revent any 
blood from flowing into them. 

Finally, the last portion of blood from the ventricle, 
represenVng the completely arterialized blood of the left 
auricle which is the last to arrive at the opening of the 
trun«;us, jiasses into the carqjtid trunks and is distributed to 
the head. 

The principal* vessels of^the Frog are disposed as fol- 
lows : — 

2 — 2 
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A. A 7 ier{es. Efferent in relation to the heart, breaking up 
into lesser brandies, 

1 . The system of llie anterior aortic ^rch (carotid 
trunks), distributing blood to the parts of* tliechcad 
generally and to the brain. 

2. The system of the middle aoiiic arch (aortic trunk), 
distributing blood to the body and limbs, together 
with the organs of the viscera other than the lungs. 

3. I he system of the posterior aortic arch (put mo- 
cutaneous trunks), distributing bl^otl to the lungs 
and skin. 


r>. }\'ins, Ajfcrcnt in relation to the heart, formed by the 

union of lesser factors (they break up only in the case 
of tile portal veins). 

r. The system of tlie superior ca7\r^ formed on each 
side by the union of the veins bringing back the 
blood from the head, fore-limbs, and parts adjacent, 
^iiecial veins (ctreat cutaneous) arc concerned in tlic 
return of the blood from the skin. , 

2. I he system of the kiferior cava^ tormed by the union 
C the cjjteieni- 7 rnaly genital and hepatic 

3. The system of the anterior abdoM^inal and renalportal 
7 'cins; lormed by the bifurcation of the veins coming 
in trom the hind-limbs. The forn^r receives blood 
from the uriiuTry bladder and the body-wall, and 
at its anterior end divides into two ^branches 
which* go to the corresponding lobes of the liver. 
Tbe latter gives off branches (afferent renal T^^dns) 
•which break up in the substance of the kidney. 

4. ihe system of tlic vena, fotice Oicpaiic-porfal vein) 
formed by the union of thg veins which bring back 
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the blood from tlie alimentary-canal^and its appended 
glands, with the spleen. This vessel enters the liver 
on the left side, breaking up within tliat organ; before 
d^^’ng so, it enters into a direct anastomosis with the 
anterior abdominal vein.* 

The system of the pulmo7iary vchi^ formed by the 
union of the veins of the right and left lungs. 

Tlie sHt-like glottis of the Frog is formed by the appo- 
sition of two longitudinal folds of the mucous membrane 
of the mouth, carji of whicli contains a cartilage of similar 
form. These caitilages are the arytenoid cartilages. They 
are articulated vith an annular cartilage {J.aryny;o4}'acJieal) 
which supports the wall of the very short chamber wFich 
represents the larynx and trachea. When the two folds of 
the glottis are divaricated, there are seen between them two 
membranous pouches, the free edges of which meet in the 
middle line, while anteriorly and posteriorly they pass into 
the mucous membrane which lines the faces of the longitu- 
dinal folds. These are the vocal liganients^ and the slit 
betjvecn them is what answers to the glottis in Man. 
It is by yicir vibration that the; croak of the Frog is pro- 
duced. 

I.atcrally the lafyngo-tracheal chamber opens into the 
lung of each side. The lung is a transparent oval sac, 
somewhat pointed posteriorly, which lies at the side of the 
cesophagus in the anterior region ^of the pleuroperitoneal 
cavity. , It is covered by a layer of the pleuroperitoneal 
membrane which represents the visceral layen of the pleura 
in 4he higher animals. The wall of the pulmonary sac is 
produced inwards so as to give rise to a network, which is 
much more pr9minent in ^he anterior than in the posterior 
part of the lung and ^divides the periphery of the cavity 
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into numerous on the walls of which tlie ramili- 

cations of the pulmonary vessels are distributed. 

The lungs arc clastic, the distended lung collapsing sud- 
denly when it is pricked, and they contain abundant ^nus- 
ciilar fibres. 

It is essential to respiration that the mouth should<,bo 
shut, and it is said that frogs may lie aspliyxiated by keeping 
their mouths open. 

Inspiration is effected by a buccal force-])ump. The 
mouth being shut and the external nostrils open, the floor 
of the mouth is *depresscd, and the laicdal cavity fills with 
air. d'he muscles of the flank next ('omc into i^^ay, exer- 
('ising a pressure u])on the surrounding viscera which suffices 
to expel the air (expiration). 

'Phe nostrils being then shut, the hyoid, and with it the 
floor of the mouth, is raised, and, the a])erture of the gullet 
being at the same time closed, air is forced through the 
glottis, distending the lungs. 

JL\pirati(m is doubtless aided by the contraction of the 
intrinsic muscular fibres of the lungs; and it may be that 
those fibres which form the so-called diaphragm also tend 
to diuiinish the cajiacity of^hc lungs. 

In audition to its jirincipal ])ulmonary apiiarati^s of re- 
spiration, tlie P’rog has a secondary reN]1iratory ai>paratus in 
its moirt and delicate .skin, A considerable amount of \ cnous 
blood is, in fact, constantly supplied to tlfis organ by tlie 
large cutaneous branch*of the pulmo-cutaneous artery. It 
has been experimentally ascertained that frogs in which the 
lungs have be^n extirpated will continue to live and respire 
for a considerable time, especia^y at a low temperature^ by 
means of tlie skin. 

The kidneys arc elongated ancT flattened from side to side, 
and are kept in i)osition by the cc^timiation of the peri- 



THE FROG. 


I.] 


toneum over their ventral faces. The ducts of the kidneys 
]:)ass along their outer edges and, approaching as they pass 
backwards, open by two slit-like apertures in the posterior 
wall of the cloaca. 

Tfie urinary bladder {urocy^t) is a large bilobed sac, 
op^ening posteriorly, by a wide median aperture, into the 
an tero- ventral end of tlie cloaca. 

The tesUs arc ovoidal yellowish bodies situated in front 
of the kidneys and enveloped in peritoneum, a fold of which, 
forming a sort of testicular mesentery or mesorcJilin?i^ is de- 
rived from that '^’hich covers the ventral face of the kidney. 
The delicate va^a efferentiaoi the testes may be seen travers- 
ing this fold to enter the substance of the kidney. They 
communicate with the urinary tubules, and thus the duct of 
tlie kidney serves not only as the duct of the urinary se- 
cretion but as the vas deferens. 

The spermatozoa of the Frog are filiform bodies with 
cylindrical, more or less linear, nucleus bearing heads. 

The ovaries are broad lamellar organs, very large and 
much folded and plaited in the breeding season. In- 
inftnerable ovisacs, or follicles, containing dark-coloured 
ova, are scattered through the#substance of the ovary and 
give rise to projections on its surface as they become 
fully developed. ^ The ova arc finally thrown off by 
dehiscence. 

The oviducts long convoluted tubes situated on each 
side of the dorsal wall of the abdominal cavity, to which they 
are copnected by peritoneal folds; each curves over the 
outer face of the root of the lung. Their apterior ends are 
v^y slender, and terminate by open mouths at the sides of 
the pericardium, between the attachment of the so-called 
diaphragm and the fobc W the liver. For the greater part 
of their length their walls are thick and glandular, and 
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swell up when placed in water. Posteriorly, the oviducts 
dilate into capacious thin-walled chambers and end, close 
together, by openings which are situated in the dorsal 
wall of the cloaca immediately in front of tlic •apertures 
of the ureters. Remnants of the oviducts are usually pre- 
sent in the male. „ 

Each, ovum, when ripe, consists of a protoplasmic yolk- 
laden mass or vitclliis^ enclosed in a structureless vitelline 
membrane, and containing a germinal vesicle, within which 
are several ‘germinal spots.’ One half of the vitellus is 
deeply coloured, the other pale. 

The so-called ductless glands arc three in numb(*r. The 
T/iymus: a small rounded body situated immediately behind 
tile siispensorium, in a position corresponding to the dorsal 
ends of the obliterated branchial arches. The Thyroid ; 
represented by two or more oval bodies, which arc found 
attached to the bases of the aortic arches. The Adrena/s; 
yellow bodies imbedded in the ventral face of the kidney. 

The actions of the different parts of the organism of the 
Frog arc coordinated with one another and brought into 
relation with the external world by means of the inusciilar 
and n enrolls systems and th« organs of sense. 

The niusctes consist partly of stri^ied and partly of un- 
striped fibres, the former being confmefc to the muscles of 
the head, trunk and limbs and the heart, while the latter 
are found in the viscera and vessels. The foi^mer are usually 
arranged in sets, the acrions of which may be antagonistic 
and simple or coordinated and complex. An acegunt of 
the dispositiorw of the muscles in the hind-limb will be 
found in the Laboratory work. ^ e 

The ncroous system is conveniently divisible into two 
parts, the ccrcbro-spuial and the Sympathetic, , The cerebro- 
spinal nervous system again consists of the brain, or encepha- 
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lon^ with its nerves, and the spinal cord, myelou^ with its 
nerves. 

The cncepliialon lies in the cranial cavity, wliich it nearly 
fills, ^id is divisible into the hind-braifiy the inid-bram and 
fore-brain^ which last again’ comprises three divisions; 
thee median thalamencephalon, and the paired cerebral 
hemispheres and olfiictory lobes. 

The greater part of the hinddirain is formed by the 
inediilla ob/o 72 gaia, which is the continuation of the myelon 
forwards and presents, when laid open from its dorsal 
aspect, a triangiila?r cavity, the apex of wliich is directed 
backward! The cavity is the fourth vcntriiic ; it com- 
municates behind with the central canal of the myelon, 
while, in front, it narrows into a passage which connects the 
fourth ventricle with the brain cavities anterior to it. The 
thick lateral ridges of nervous substance at the sides of the 
fourth ventricle, which represent the ra^tifonn bodies^ pass, 
in front, into the outer extremities of a short broad tongue- 
shaped ])late, convex vcntrally and concave dorsally, which 
overhangs the anterior part of the fourth ventricle, and 
is the cerebellum. 

In front ^^of this, the dorsal moiety of the mid-brain is 
formed by two oval bodies, the of tic lobes. When laid open, 
each is seen to contain a cavity or ventricle which com- 
municates with the iter a tertio ad (/i/artufu ventriadumy 
as the ventricle V)f the mid-brain is termed. The floor 
of this canal is formed by the thick jirincipal mass of 
the cerebio -spinal axis. It exhibits a median longitudinal 
depression or raphe, and in this region re])resefits the crimi 
cerebM, 

V In front of the mid-brain comes the hinder division of 
tiie fore-brain, or thalamcnccphalofiy which is very distinct in 
the Frog and contains median cavity, the third ventricle. 
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On each side, the. cavity of the tliird ventricle is hounded 
by a thick mass of nervous matter into whicli the crura 
cerebri })ass. Tdiese are the optic i ha la nil. ^The roof of 
the third ventricle is very thin and easily torn throuf^i ; its 
fore part is t)ro]ongcd up to* form a delicate ])rocess in con- 
nexion ^vitll an ovale body, which is lodged between^ the 
posterior ])arts of the cerebral hemispheres and represents 
a portion of the pineal gland. The front part of the floor of 
the ventricle, on the other hand, is produced into a back- 
wardly diref'ted ])rocess, the infundibidinn. 'This is con- 
nected below with a highly vascular ]»ass, the pituitary 
body. • 

The liemispheres are elongated ])odics, broader behind 
than in front, where they are marked off only by a slight 
('onstriction from the olfactory lobes. 

Anteriorly, the w’all of the third ventricle is thickened 
to form the lamina tenninalis ; on each side, between this 
and the pedunede of the ])ineal gland, is a small aperture, 
the foramen of Miairo.^ wdiich ])laces lire median third- 
ventricle in communic'ation Avilh the paired lateral ventricle 
of t^Hi cere])ral hemisphere. 

d'i.j lateral ventricle is Continued on either s^de into the 
base of the olfac'tory lobe to form the olfactory ventricle. In 
front these lobes become nerve-lik(^ cords, wh'ich leave 
the skull and spread out on the posterior faces of the 
olfactory sacs. 

The inner faces of the olfactory lobes are confluent with 
each other, and there pass between corresponding i)arts 
of op])Osite “halves of the brain bands of fibres or com- 
missurcs (see Laboratory work^) the most important of tvhich 
runs through the substance of the^ lamina tenninalis and 
represents the corpus callosum. 

The entire cerebro-spinal axis^is invested in a highly 
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vascular membrane or pia mater. This Ij^comes immensely 
thickened, above the hind-brain and on the inner fac'cs 
of the ]icmis[^ieres, to constitute the choroid plexuses. The 
formej cf • these is median and overlies the greater part 
of tlie fourtli ventricle. The latter is paired ; in its growth 
cadi half forces its way into the lateral ventricle, pusliingthe 
thin inner wall of the same in front of it ; while therefore 
it lies, in a sense, within that cavity, it is in reality 
outside it. 

There are ten pairs of cranial nerves ordinarily so-called, 
the first two of whfch arc proved, by their development, to 
be lobes eff the bmin. 

1. Olfaclorii. 

'The olfactory lobes. ''Fheir nerves are distributed 
exclusively to the olfactory sacs. 

2. Opthi, 

liicse diverge from the base of the I'.rain in front of 
the infundibulum. They are originally outgrowths 
of tlie thalamencephalon Avhich secondarily become 
connected with the ot)tic kibes. They are distributed 
exchfsively to the rodna of the eye. 

Of the remaining 6'i’anial nerves five t>airs leave the skull 
in front of the auditory capsules, while one pair enters those 
capsules and two^xxirs pass out behind the same. 

The Pneauditory uer 7 'es are the following. 

3. Jfotores oculorufn 

arise from the front part of the lloor of the mid-brain 
and are distributed to all the muscles of the eye 
except the external rectus, the superior oblique and 
the retractor bulbi^ 
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4 . Pafhetici , 

arise from the floor of tlie micLbrain and pass out, 
on the dorsal as[)ect of the brain, I)et\\«2en the cere- 
bellum and the optic lobes. They are distriimted 
to the superior obliciue muscles of the eye. 

5. 

take their origin in the front part of the floor of the 
hind-brain and, passing out at its sides, each dilates 

into a yellow enlargement--t]ie Gasserian ganglion 

which lies in front of the auditory capsule, in the 
foramen by which the nerve, after leaving the'ganglion, 
])asscs out of the skull. 

This ganglion is connected with the trunk of the sixth 
and seventh nerves and with the anterior end of the sym- 
pathetic (some of the branches wliich ap])car to be given 
off from it really belong to the sixth and the sev'enth nerves, 
sec infra). Beyond the ganglion, the nerve divides into 
two main branches, the orbiio-nasaU and tlie niaxillo-inandi- 
biilar. • 

i. The orbiio nasal (usually termed tlie flrstf division of 
the fiftli nerve); passing through the antorbital pro- 
cess of the skull, it is finally disfributed to the nasal 
mucous membrane and to the integument of the nose. 

It anastomoses with the fourth nef\x\ and sends a 

• * 

branch to the llardcrian gland. 

ii. The mgxillo-nunuiibular ; forks over the mouth-cavity 

into two trunks, usually termed the second and third 
divisions of the fifth nerve, ^ 

a. Preoral or Max illary passes outside the eye and 
is distributed to the integument of the upper jaw. 
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b. Postoral or Mandibular^ pa^sses between the 
temporal and pterygoid muscles, over the articu- 
latjon of the mandible and along the inner flice 
•of the latter; to the symphysis, giving off branches 
to the integument, muscles, teeth and tongue. 

(f. Abdiiccnics 

arise from the floor of the hind-brain and leave the 
ventral surface of the medulla oblongata close to the 
middle line. Each then unites so closely with the 
Gasserian ganglion and witli the orNto-nasal division 
of^thc fifth* as to appear to be only a subdivision 
of tlie latier. Its fibres are distributed to the external 
rectus and retractor bulbi muscles of the eye. 

7. The Facialcs 

take their origin from the floor of the hind-brain, 
behind the fifth and in common with the eighth; 
and, leaving tlie hind-brain, enter into close con- 
nexion with the Gasserian ganglion. Eacli then 
divides into two branches, an anterior and a po5- 
tenor. 

i. Thev anterior or palatine'^ nerve ; distributed to the 
roof of the mouth and palate. 

This nerve is in anastomosis with the maxillary 
branch of the fifth. 

ii. The ])osteiior branch. It forks over the tympanic 
cavity into two trunks ; a smaller pretympanic which 
may represent the cJiofda iympa7ii and a larger post 
tympanic or hyoid ncn'c^ which supplies the muscles 

* of the hyoid and floor of the mouth. 

8, The Auditorii ^ 

arise in common with the foregoing. Each divides 
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into two bnyichcs which enter the auditory capsule to 
reach tlie organ of hearing. 

The Post-auditory jicrvcs are: 

9. The Glossopharyngeii 

T'hcse nerves arise, sivle by side willi the next, ^['om 
tlie niedulla oblongata; and the roots of both leave 
tlie skull by an aj)crture behind the auditory cat)sule 
on eac h side, and form a common ganglion. Each 
])asses downwards and forwards to the root of the 
tongue, which organ it finally supt^lies. Moreover, it 
gi\a;s off muscular branches and forms an unastomo- 
sis nilh the seventh. 

\ o. The rncuuhh^^asiricl or Va^^i. 

Immediately after leaving the ganglia these nerves 
sejiarate from the glosso[)haryngcal and each gives 
off a cutaneous branch to the dorsal integument of 
the head and trunk : it then divides into two 
liranches, one of which is distributed to the larynx, 
the other to the heart, lungs, and stomach. (6ym- 
I'athetic fil.)res arc iv part bound up with these.) 

ff 

The mycloji or spinal cord is continued back from the 
liind-brain as a sub('}lindrical cord, wlflch lessens somewhat 
rapidly towards its apjiarent end at the level of the seventh 
vertebra. It docs not really end here, ho^^ever, but is con- 
tinued back as a slender filament, the filum tcrmiualc^ to the 
commencement of the canal of the iirostyle. The diameter 
of the cord is somewhat enlarged opposite the origin of the 
nerves for the limbs. In trapsverse sections, the cord is 
seen to be not truly cylindrical but to be indented by 
two longitudinal grooves, one cforsal and one ventral, which 
leave but a small connecting bridge between its t\vo halves. 
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In the centre of this is a canal, the caiialis ccntralL^ the 
cavity of which is continued forwards intr) the fourth ven- 
tricle. ^ 

Teij s} inmctricaily disposed • j)airs of nerves come off 
from the sides of the cord, each heivc liaving two roots, one 
from the dorsal surface of the lateral half of the cord and 
one from the ventral surfoce. 'The dorsal root presents a 
small ganglionic enlargement, beyond whicli it is bound up 
in a common shcatli with the ventral root to form the com- 
mon trunk of the spinal nerve. The roots of the hinder 
spinal nerves are very long and lie, side by side, in the 
spinal caifal. 

The first spinal nerve leaves the neural canal by the 
interspace between the arches of the first and second 
vertebra), so tliat there is no nerve in the Frog answering to 
the siiboccipital. It gives a branch to the muscles Avhich 
move the head upon the backbone, but the main trunk of it 
descends behind the mandible, along witli the glosso- 
pharyngeal nerve, and is distributed to the muscles of the 
tongue. Its distribution therefore answers to that of the 
Jiy/^oglossal nerve in the higher Vertebrata. 

The sec^md and third spinaf nerves unite to form a 
^irachia/ /?/exns,^ and are distributed chiefly to the fore- 
limb. 

The fourth, fifth and sixth spinal nerves go to the middle 
parietes of the body. 

The seventh, eighth and ninth, are large nerves which 
unite to form the lumbosacral plexus^ whence nerves are 
given off to the posterior parietes of the body, and to the 
hinck’limb. 

The tenth spinal nerve leaves the neural canal by the 
coccygeal foramen, and is* distributed to the adjacent 
parts. 
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Sympathetic, 

The sympathetic system consists of ganglia, usually ten 
in number on eac'li side, connected by longitudinal com- 
missures, and situated on the ventral face of the vertebral 
column ; in the region of the dorsal aorta they come into 
close relation with it. iCach sympathetic ganglion is joined 
l)y a communu ating filament or ramus with one of the 
sjfinal nerves, and the most anterior ganglia are connected, 
in tlie same way, with the ganglia of the ninth and tenth 
cerebral nerves., d'hence a dcli('ate C(jrd ]^asses into the 
cranial (auity on the inner side of the ptriotic cai)sulc, and 
unites with the (lasserian ganglion. 

'The brandies of the sympathetic accompany the vessels, 
and large brandies are given to the viscera. 

'die sheath of tlie ganglion of each spinal nerve encloses 
a milk-white body {pcriici'a/i^lioaic glafid) whose function is 
unknown. Each consists of a tubular gland, lined by a 
single-layered eiiithelium and containing calcareous matter 
in a finely crystalline state. AVhen fully formed these glands 
force their way through the intcr-vertebral foramina, appearing 
as a scries of concretionary masses lying around the spinal 
nerves their points of exit from the column, an^ alternating 
with the bases of the transverse processes of the vertebrm. 

The 0/facto fy orgaas occupy all the space between the 
mesethmoid cartilage, the antorbital jitfocesscs, and the 
premaxillaj and maxihm, and open in front and externally 
by the external nares, behind and internally, into the mouth- 
cavity, by the posterior nares. Isach consists of an essential 
part or olfactory sai% the innej: face of which is linedfby a 
peculiar epithelium, which receives the olfactory branches 
of the trigeminal nerves, and ifn accessory part consisting of 
a partly cartilaginous, partly bony, capsule. 
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The Eyeball is lodged in th^ orbit and protected by the 
eyelids, described above. It has four recti muscles which 
proceed from^the inner wall of the orbit, and are attached 
to the circumference of the globe; within these is a retractor 
muscle with similar attachmen'ts, ensheathing the optic 
nerye, while two oblique 7)mscles proceed from the anterior 
and inner wall of the orbit and are attached to the dorsal 
and ventral faces of the bulb. In addition, a fine tendon 
passes from the outer end of the lower eyelid, or nictitating 
membrane, and is attached to the fibres of the retractor 
bulhi — the effect of which is that when the bulb is retracted 
the nictitating nv mbranc is raised over the eye. The upper 
lid lias no muscles. A secretory organ, termed the Ilarde- 
riau y^land^ is situated in the anterior part of the orbit 
beneath the superior oblique muscle. 

The essential part of the eye is the inner lining or retina^ 
which receives the fibres of the optic nerve; to this there 
are superadded a vascular pigmented c/iofvid and a car- 
tilaginous sclcfvticj which together constitute an accessory 
capsule. The lens is nearly spherical. 


The Ea?^ consists of an essenfial part — the membranous 
labyrinth — receiving the fibres of the auditory nerve, lodged 
in an accessory partlj’ osseous, partly cartilaginous, periotic- 
capsule; to the latter are superadded the coluniclla auris^ 
the ty7?ipanic mejtdtrane and the tympanum. 

The labyrinth consists of three semicircular canals which 
open into a vestibule divided into utriculus and sacculus. 
The latter, especially, contains a great quantity of white 
cryslalline calcareous otoliths 

On the outer side of the vestibule is a small dilatation 
which is possibly a rudimentary cochlea. 

The membranous labyynth is filled with a fluid (endolymph)^ 
M. ^ 



34 ELEMENTARY BIOLOGY. [CHAP. 

and contained, as .has been stated, in the periotic capsule 
into which it fits but loosely; the interval between the two 
being filled with a fluid, the perilymph. In ^le outer face 
of the ])eriotic capsule is an- opening, the fenestra vvali^, into 
which the end of the columella auris fits. This columella is 
shaped like a pestle, tlie end of the handle of winch is fitted 
with a ('ross-j)ieco. T'hc rounded inner end of the pestle, 
which is fixed by fibrous tissue into the fenestra ovalis, is 
cartilaginous. T'hc middle of the handle is ensheathed in 
bone, while the outer part is cartilaginous. The cross-piece 
is fixed into the inner face of the membrana tympani, which 
l^^ covered externally by the integument, and lined' internally 
by the mucous membrane of the tympanic cavity, which is 
<ontinu()us Avith that of the mouth through the P^ustachian 
leccss, and wraps round the ventral face of the columella. 
A sound wave, impinging upon the drum of the ear, is trans- 
mitted through the agency of the columella to the iierilymph 
and endolymph, auditory epithelium and nerve, to the brain. 

Ihe Tony^uc. This organ, as has been seen, is fixed only 
in front to the mandilile, and by the anterior half of its-ven- 
tral asnec't to the floor qf the mouth; the posterior half 
being tree and bifid at the extremity. Narro\\ -ended and 
broad-ended papillae {papilhc filifor?ncs and fufuf formes') are 
scattered over the whole dorsal aspect of the tongue and arc 
largest in front ; small glands lie between these papilke. 

The fungiform papPIae contain the ultimate ramifications 
of the glossopharyngeal nerve, and the epithelium covering 
their summits is peculiarly modified. 

The Integument No special organs of touch have ^^een 
observed, but the integument is remarkable for the immense 
numlier of close-set simple glandular caeca {ciitaiieous gla7ids) 
which open upon its surface. In the swollen integument 
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whirh rovers the base of the inner digit •in the males, large 
papilhe witli interposed glands are developed. 

A singular spheroidal sac-like body known as tho d?v 7 ifs/>of 
or mkr-ociilar gland, occurs in the integument of the fronto- 
parietal region of the head. In the young animal it is in 
connection witli the pineal gland, and represents the rudi- 
ment of the median or pineal eye- -a structure whicli is 
more fully developed in some Lizards. 

("ells containing pigment abound in tlie integument and 
undergo remarkable changes of form, the; ])igment being 
sometimes drawn fogetlicr into a spheroidal mass-— at other 
times distribuled in a radiating fashion. 

LABORATORY WORR. 

Frogs may best be killed with chloroform. Idace the 
animal uiuler an inverted tumbler together with a square 
inch of cotton-wool saturated with chloroform; cover with 
a cloth and leave for lo- -15 m, 

A. General external characters. 

1. * Its division into hcad^ iruuk^ two pairs of (imhs or 

appe^ida^^cs, * 

2. Its auferioi- or head end; pointed and bearing the 
mouth, eyes, jfiid other organs of the higher senses. 
Its posterior or tail end. Its dorsal or back region ; 
clad in a tiarkly coloured integument. Its vcfitral 
or belly region ; clad in a whitish integument. Its 
lateral or side area ; bearing the two pairs of limbs. 
(Work over the specific characters given on i)p. 6, 7.) 

I'J'. The head. 

Somewhat 4 ^riangular, with the blunted apex 
turned forwards and passing, without any neck- 
constriction, info the trunk. 
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«. The preminent eyes with their eyelids, 
f3. The membrana tympanic a thin part of the in- 
tegument stretched over a hard i^ng, on each 
side, behind and somewhat below tlie eyesf 
y. 'Fhe anterior nares ; two small apertures near 
the middle line at the end of the snout, 
rt. The moiiih~opc7iing ; note its boundaries and 
extent. 

€. "J1ie Imriuspot ; lying in the mid dorsal integu- 
ment of tlie head on a level wTli the front of the 
eyes. Clearly visible under a hand lens. 

t ()pen the mouth widely; the fleshy tongue will 
be seen, wath its bifurcated free end turned 
backwards ; teeth are present only in the ui:>per 
jaw and on the roof of the mouth. 

Ik The trunk. 

Tapering towards the hinder end, and allowing 
the hard parts of the skeleton to be felt beneath 
the soft integument on the dorsal side, and in 
the anterior half, of the ventral aspect. Note the 
cloacal aperture near the dorsal surface of its 
posterior end. 

The limbs. 

a. The anterior pair; their tlwcc subdivisions, 
bracJiiuin^ antebrachiuni, and manus ; the four 
digits. 

(3. The posterior pair; their length as compared 
with that of the anterior; their subdivision dnto 
femur, crus, and pes: thp five long digits; the 
well-developed web; the horny prominence on 
the inner side. 
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]3. Preliminary, and general disposition of the viscera. 

I, Place the animal on its back and pin down high and 
dry, inserting the pins through the limbs and point of 
snout. Raise the ventral-integument with forceps and 
slit it up with scissors along tlic middle line from the 
lower jaw to the origin of the hind limbs; pin back 
the two flaps and note : — 

f/. The shin ; it is but loosely connected with the sub- 
jacent muscular wall of the trunk, the two being 
separated by spacious chambers (lymph cavities^ cf. 
Sect. I. 

h. \ li^rge vein {great-cuianeous) on the undcr-surface 
of each flap of skin. 

(\ Some of the muscles of the body wall ; covered by 
a thin sheatli or aponeurosis, through which tliey 
can be seen — 

a The rectus abdominis; running from pelvis to 
sternum along the middle line, and divided into 
a number of segments by transverse tendinous 
intersections. 

A large vein {a n ti*rior-abdominal) wiW be seen, 
running along the ventral middle line, immediately 
under gover of this. 

p. The pectoralis; an immense tract of tissue arising 
from^the ventral wall of the trunk externally, and 
in front ventrally, to a. ^It is subdivided into a 
series of lesser muscles which converge towards 
the base of the fore-limb. (Note that it is 
confluent posteriorly with a, and, in front, sub- 
divided up by tendinous intersections.) 

The myldhyoict^ or sub-maxillaris ; a sheet of 
muscle, tendinous in the middle line, whose 
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fibres pass transversely across llic floor of the 
mouth. It is subcUvided into a larger fasciculus 
which supports the floor of the mouth, and a 
smaller ribbon-shvii)ed one which i)assos back on 
either side to the angle of the lower jaw. 

0 . I'he external oblique ; underlying and external to 
forming an investment for the body wall 
laterally. Its fibres run obliipiely uiiwards and 
forwards. 

I’he internal oblique; seen on removing a tiortion 
of 8. Its fibres pass obliquely downwards and 
backwards. 

C The tra/is7'ersalis; seen on removing a portion of 
e. It forms the inner layer of the muscular 
constituent of the body-wall; its fibres run 
transversely, so as to encircle the trunk ventro- 
laterally. 

2 . Raise the tissues of the body-wall with a pair of 
forceps and carefully divide them a little to tlie right 
(;f the median line, so as to o])en the undcrlving body- 
cavity without injuring its contents; prolong the 
incision from the pelvis to the posterior end of the 
breast-bone. Make a transverse incision close to the 
pelvis and throw back the flap on each side: on the 
under side of the left flap will be seen the anterior ah- 
dojninal vein (cf. i c, a). 

Seize the posterior border of the sternum with a 
pair of forceps and raise it up; then, with a strong pair 
of scissors, cut through the hard parts a little to one 
side of the middle line, •oeing very careful not to 
injure the organs beneath them. Raise each half of 
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the shoulder girdle thus liberated and remove it, with 
care, together with the rest of the ventral portion 
of the ^ody-wall 

^ A spacious cavity {plcuro-peritoiieal caviiy) will be 
laid bare. Note the general characters and mutual 
relations of the undermentioned organs of the viscera 
which lie within it, as seen in the undisturbed state. 
They will be found .severally connected with the body- 
wall and each other by a delicate membrane or 
mcscntcryK 

( 1 . The /iverf a great brown two-lobed mass, its left 
lT)be t:ie larger and subdivided into two, lying in 
the anterior end of the cavity. 

b. The Inn^s: the posterior ends of these may be seen 
as sacculated j^ouches, one on each side of the liver, 
but they are frequently not visible until tlie latter 
organ has been displaced. 

c\ I'he stomach: a small portion of this is seen pro- 
jecting beyond the lower left border of the liver. 
Note that it lies exclusively to the left side. 

d. The infcsti?ic: a convoluted tube, continuous with 
thT; stomach, and occupying the middle third of the 
icavity. It be resolved into— 
a. Tlie small Intestine; a yellowish-white tube, con- 
volulQd and situated wholly to the right side. 

/3. The large iniestmc; a short straight greyish-green 
tube, of greater calibre than a, passing obliciuely 
backwards in the middle line. 

. The urinary Madden (urocyst)^ a thin-walled bilobed 
sac (which may or may not be distended) lying just 
in front of the pelvis, immediately above (ventral 
to) 13. 
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Ill R, ic)7tporai‘ia^ the urinary bladder is larger 
proportionately and more deeply lobed than in R. 
esculenta. 

f. The sphe7i: a small red body lying in the ipiddle 
line, immediately ill front and to ycnir right of the 
large intestine. 

The kidneys; two dark red lentil-shaped bodies, 
seen, on displacing the intestine, lying close to- 
gedier in tlie middle line. 

h, T'hc‘ genital g;hinds ; immediately adjacent (ventral 
and external) to 

a. Tn the male. 77/e testes: a pair of yellowish 
bodies lying near the anterior ends of tiie 
kidneys. 

(i. In the female, d'he oi/a/des; a pair of blackish 
yellow bodies, coincident in position with, but 
much more extensive than, a. Each is folded, 
and seen to be composed of an immense number 
of spherical ora. 

i. The fat masses {co/pora adiposa ) ; long filiform 
deep-yellow processes attached to the anterior ends 
of the genital glands. T’hey are much the larger in 
the male. 

/ The gcfiital di/cts; obvious in the female as highly 
convoluted dead-white tubes {landhrts) lying imme- 
diately beneath /?. (Those of the male may be 
better studied later on.) 

k. The Jicart ; seen lying within a delicate sac (the 
pericardium) immediately in front of the liver. 

Slit open the pericardium., It will be found to 
contain a fluid (sero//s fluid) which bathes the en- 
closed viscus (heart). ExAmine the pleuro-peri- 
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toneal cavity; a similar fluid will be fouud to he 
present, but to a lesser degree, imparting a moist^ 
ness tp the organs therein contained. 

C. Kie study of transverse sections. Es])ecially with a 
view to ascertaining the limits and mutual relationships 
of the larger cavities and the body-wall, together with 
the mode of suspension of the viscera. 

Obtain a frog (preferably one whicli lias been for 
24 hours or longer in spirit) and make transverse 
sections across its body, as directed b'elow. Examine 
under wati'r. 

j. Across the mid region of the trunk; to pass through 
the kidneys, genital glands, and large intestine 

(T. The body-7oaIl ; especially its muscular constituent, 
which is thickened dorsally in the region of the 
back. 

/c 'The splancJnilc {picu romper if oncal) uvify ; ventral 
and spacious ; it lodges the organs of the viscera. 

The neu7'al cai^ity; relatively small, situated in the 
dorsal middle line and enclosed on all sides by 
thcTbony vertebral column. It lodges the central 
nervous systgn, seen, in section, as a delicate white 
cord. 

lL The alimentary canal; cut across at various points. 
Remove those portions of it* which do not happen 
to be connected by mesentery with the body-wall 
or other parts. The large intestine will be seen in 
section in the ventral middle line ; take note of its 
})osition and relationships. 

^ , A 

€. The kidneys ; lying close together, dorsally to all 
the other organs^ and obliquely disposed. 
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/ The ^^cnital glands; immediately external and 
ventral to c, (cf. Sect. B. 2. //.) 

g, H\\^^plciiro-pcnioneal incmhy'anc, Thf> wUl be most 
readily seen stretching from the dorsal borfier of 
the kidney to the upper angle of the body-wall ; 
having found it, proceed as under. 

a. Start from one kidney and follow it upwards ; on 
reaching the body-wall it becomes closely applied 
thereto, lining it, in the form of a dense pig- 
mented membrane (^parieial-Intycr or perlloncum). 

/S. Follow it downwards on the same side." It passes 
over the outer face of the kidney and tlien gives 
rise to a fold which suspends the genital gland 
{mcsorchium mesoarium ; the folds of 
opposite sides then meet in the middle line and 
pass down as a double membrane {mcsaitery) 
which suspends and enwraps the intestine. 

Little difficulty will be found with the above, if, 
starting from the kidney, the membrane be care- 
fully torn awaiy as followed. 

y. 'Phe cistoiia niagiui {snb~vcrtebral lympli s/m^s) ; 
a spacious cavity into whicfi the kicineys jjrojoct, 
enclosed between the folds of the mesentery 
ilorsal to the alimentary canal. ' The cut ends of 
a large blood-vessel {dorsal aorfa) and of certain 
small nerves will be seen lying within it. 

2. Obliquely forwards, aerpss the anterior end off the 
body cavity ; to pass through the heart, the anterior 
border of the liver and^he roots of the lungs. Cf. 
generally with i. and note in addition. 
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a. T1ie msophagus ; a thick walled tube lying at or near 
the middle of the whole section. 

h. The liings; thin walled spongy sacs (tubular in sec- 
^ don) right and left of a, • 

r. T'he liver ; occupying the greater portion of the 
pleuro-peritoneal cavity and lying immediately below 
a, and l>, 

il. The heart; situated in tlie middle ventral line. 

L\ The neural canal a?id centp'al nervous system; rela- 
tively mucli larger than in Sect, i . * 

y. The body ivall; in part inflcc'ted, giving rise to a 
slieet of muscle (so-called diaphragm) which is 
attached, on opposite sides, to the (eso])hagus. 

g. The aorta ; here paired {aortic a?rhcs). 

//. The pericardium ; a double-walled sac enclosing 
tiie heart, and related to it as is the pleuro-peri- 
toneal membrane to the body-wall and its con- 
tained viscera. 

/. The pleuroperitoneal membrane, (Cf. generally 
with previous section.) » Note that having siis- 
pciuled the organs above-named, it passes round 
the pericardiiun, giving rise to a fold {falciform 
ligament) which is reflected on to the body-wall 
below, thpre being thus formed a septum which 
completely subdivides the pIeuro-i[)eritoneal cavity, 
in this region, into two. 

Its special folds are: 

a. The Ugamentiim latum; suspending the lung to 
the oesophagus, 

ft. The lesser omenttdhi; passing between the eso- 
phagus and liv’er in the middle line. 
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y, "J"he falctfortn ligament (suspensory ligament of 
the liver), Cf. supra. Jf the section has passed 
through the anterior border of the liver, this will 
also be seen to pass between its outer ed^cs and 
the body-wall. * 

j. The suh-ciitaueoiis lymph-spaces : seen (In this and 
the preceding section) as a series of four spacious 
chambers, lying between the body-wall and in- 
tegument, and separated from each other by mem- 
branous partitions. 

k. The anterior abdominal vein ; fhis will probably be 
seen, enclosed within the folds of the mesentery 
immediately below the liver. 

Across the head ; to pass through the mouth-cavit}^ 
and eyes. 

a. Note the a])sence of body-cavity and the relatively 
great size of the neural canal and central nervous 
system {l>raiii). 

h. The mouth cavity; spaciaus, and enclosed on all 
sides in a soft mucous membrane. 

V 

. The tongue ; a median up growth of floor of the 
mouth, sui)ported at its base by a cartilaginous 
l)late, the hyoid. 

d. The eyes ; spherical sacs witli firmly resistant cap- 
sules, closely applied to the outer integument. 
Note, in connection with them, 
a. The eye-muscles ; jiassing backwards and down- 
wards, between the eye-ball and cranial wall. 

j3. The eye-lids; folds of integument above and 
below the eyes, c6ntinuous at their bases with 
a delicate fold of skin (eonjunetha) which invests 
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the outer face of the eye-ball. ^The upper lid is 
thick and fleshy; the lower {nictitaihig inemlmme^ 
is tl^in and transi:)arent 

c\^ T'he sub-ciita neons lymph spaces ; present only above 
and below. 

1). The alimentary system. 

I. Obtain a male frog, and pin down upon its back 
under water. Remove the whole of the ventral 
integument and l)od3^-wall and dissect away the 
hea^rt. Next remove the dorso-lateral portion of the 
body-wall, between tlie back of the head and tlic 
level of the hinder third of the large intestine, and 
with it the kidneys and testes. Carefully dissect 
away the mesenteric folds which support the liver 
and bladder, and wash clean. 

a. 'The general disposition of the ])arts. CT. Sect. B. 
2 a—f. 

h. The pancreas: a Y-shaped compact yellow mass 
lying in the mesentery between the stomach and 
head of the intestine. 

i. .The gallddaddcr : a small green sac, lying between 
the right lobe of the liver and tlie head of the 
pancreas. 

d. The small intestine; of uniform calibre through- 
out. It may be resolved into 

a. The duodenum; a short straight segment running 
parallel with the, stomach and related to the 
pancreas. 

The ileum; the terminal coiled portion, desti- 
tute of connection with the pancreas. 
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t\ 'j'lie iniestinc; cf. Sect B. 2. d. 

f '^rhe lungs; apparent as sac-like diverticula of the 
gullet, immediately in front of tiro liver (leave 
them in place). 

T.ay open the interior of the stomach and duodenum. 
Wash carefully and examine in water under a hand 
lens. 

(7. 'Lhe stomach: its lining membrane {mucous mem- 
brane) is smooth and thrown (if the viscus be not 
distended with food) into a mnnber of irregular 
longitudinal folds or rui;u\ » 

Note the nature of its contents ; consisting of 
worms or other small animals in a partially di- 
gested state. 

/'. The diwdenunr Note the shaggy nature of its 
lining membrane; it is shar])ly marked off from 
that of the stomach at 

c. the pylorus; a valve-like fold, obvious as a con- 
striction at the i)oint of junction between a. and h. 

d, d’he ileum; slit it o})en and examine under a hand 

lens. ' 

a. Its contents ; food material jn a highly emulsified 

assimilable condition. 

Its lining membrane; beset by numerous semi- 
lunar folds ipintesthial valves) arranged in parallel 
serie.s. These may be ill defined. 

c. Open up, in like manner, the large intestine, 
a. Its contents; food material in a dry state, llctle 
assimilable and green {fceces\ Note that the 
colour of the sameSs identical with that of the 
bile seen in the gall-blacjder. 
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ft. Its vicmbra?ie; smooth and comparatively 

thin. 

3. The livery bile and pancreatic ducts. Cf. Sect. !>. 2. a. 
♦dently squeeze the gall-bladder between the finger 

and thumb of the left hand, keeping your attention 
fixed on the duodenum and i)ancreas. The bile- 
duct will be thereby injected and tlie bile wall be 
seen to enter the duodenum by a small orifice 
situated at about its middle. 

a. T'hc common bile-duct; its terminal ihird is plainl}' 
visible, as a delicate tube (now injected green) 
emerging from the pancreas to enter the duode- 
num. Follow it ii[); it runs through the pam reas 
towards the gall-bladder. 

b. The hepatic ducts; variable in mim])er. Seen, on 
moving the gall-bladder about, to pass from the 
liver and unite to form the main duct a. 

c. The ;(all bladder ; a blind sac, set on at the ex- 
treme end of the above system of ducts. Open it, 
and note that it communicates with the liver 
thjough the agency of the hepatic ducts alone. 

d. priie pancreatic ducts; one or more in number; 
seen, on careful examination, to enter the bile- 
duct as it courses tlnough the pancreas. 

4. The cloaca and bladder. Cut away the front of the 
pelvis with a stout pair of scissors, taking care not to 
injure the bladder: remove the front wall of the 
latter, together with portion of that of the large 
intestine. Tin the bladder aside and examine under 
water. 

a. The cloaca ; the^ terminal portion of the alimentary 
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canal, at that point at which it receives the urino- 
genital ducts. 

Kxamine its lining membrane ; it^ is for the most 
part identical with that of the large intestin'; ; that 
of its terminal third has the characters of the inte- 
gument. 

h. The /irdcrs ducts . Cf. Sect. F. 3) ; 

their openings will be seen as two minute orifices, 
on the dorsal \vall of a., situated close together and 
surrounded by tumid lips. 

r. 'rhe l)laddc7‘ ; a median ventral diverticulum of 

liaving no direct communication with the ureters. 

K, The cavity of the mouth and the respiratory organs. 

1. Use the specimen dissected above. Cut the ali- 
mentary canal across immediately in front of the 
liver, and retain the anterior portion. Pin down 
under water ventral surface uppermost ; enlarge the 
mouth opening by cutting through the sides of the 
buccal cavity with a pair of scissors : })ull down the 
lower jaw and piiwt back. 

a. The two internal openings of the nasal cavities 
{posterior uarcs)\ near the anterior end of the roof 
of the mouth. 

Ik 'rhe openings of the Eustachian 7’eccsses ; situated 
far back near the angles of the jaw. 

c. The teeth; confined to the upper jaw and roof of 
the mouth. 

a. The maxillary teeth; forming a parallel series, 
set along the inner face of the whole upper jaw. 
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/i. The vomerine teeth; two oval patches situated 
close together near the middle line, immediately 
internal to the posterior nares. 

lif The tongue; heart-shaped and projecting freely 
backwards; its free end is prolonged back into 
two fleshy cornua. Note its mode of attachment. 

Examine its surface under a hand lens; it is 
beset by a number of elevations {papllhc), 

e. The glottis; a median longitudinal slit, situated im- 
mediately .behind the tongue, on the summit of an 
elevation of the floor of the mouth {larynx). Pass 
a probe down it and note that it enters the lungs. 

Occasionally, the mucous membrane at its an- 
terior end is prolonged into two short papilke, 
which project forwards and probably represent rudi- 
ments of the epiglottis. 

Close the mouth; dissect away the mylohyoid muscle 
and examine from beneath. 

a. The la?y?ix : forming a liard prominence in the 
middle line, l:)etween antj in front of the lungs. 

A ?;eries of small muscles will be seen arising on 
all sides and. converging immediately in front of a. 
Dissect \\\Qm xwxy.on one side , there will thus be 
laid bare the hyoid (cf. Sect C. 3. c.). Examine 
this, in relation to the larynx^ 

a. Its body ; a plate of cartilage closely applied to 
the floor of the mouth, immediately in front of 
the larynx. 

Its posterior cornua. That of the exposed side 
will be seen as a f)ony rod {thyro-hyal) in close 
apposition wiyi the outer border of the larynx, 

M. 
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inimeiJiately under cover of a small muscle {con- 
strictor lary}tgis\ 

c. Fvxamine the above-named muscles. 

* f 

a. The ge7iiohyoid; a 1)and of tissue arising from 
the body and cornu of tlie hyoid and passing 
forwards to be inserted into the lower jaw. 

The Jiyoglossiis ; arising from the posterior cornu 
and passing forwards in the middle line be- 
neath a. to enter the substance of the tongue, 
y. The stcrfw-hyoid ; its cut end will be seen passing 
up from behind to be attac'hed along the outer 
border of the body and cornu of the hyoid. 

S. The omohyoid ; Its cut end will probably be 
found attached to the outer anterior border of 
the body of the hyoid (it arises from the shoulder 
girdle). 

c. The pctrohyoides ; a series of small slips lying 
immediately beneath 8. and passing between 
the hyoid and hind region of the skull. 

Remove the ventral face of the right lung, and ex- 
amine its interior under a hand lens. 

lung sac ; thin-walled and distensible; highly 
vascular and thickened around the larger vessels 
which ramify within it. 

b. The bronchi ; short membranous tubes placing 
the lungs in communication with the laryngo- 
tracheal cavity. 

Remove the respiratory organs together with the 
floor of the mouth, ah'd pin the whole down on its 
side, left lung uppermost. , Dissect away the floor of 



THE FROG. 5 I 

the mouth to the level of the larynx and examine the 
laryngeal cartilages. 

a. The laryngo-t radical cartilage; an annular tract, 
embracing the base of the larynx. It sends a spur 
down into the wall of each bronchus. 
h. The arytenoids. That of the left side will be seen 
as a hood-shaped mass, surmounting a. and lying 
within tlie wall of the larynx. 

Muscular fibres (eoastrietoiw) will be seen to pass 
between 47 . and />. 

Turn the s^x'cimen over and remove all that remains 
of the right half, cutting to the level of the middle 
line. 

a. The la?yngo-trac/it'al cavity ; s].)acious above and 
lined by a soft mucous membrane. 

1. nie vocal cords. TTat of the left side will be seen 
as a tense fold of the lining membrane, running 
nntero-postcriorly. Note its intinivate connection 
with the arytenoid cartilage, 
r. Examine the relations of* the laryngeal cartilages, 
as Seen by following their cut edges. 
d. Strip off lhe«mucous membrane with care, so as 
fully to expose the cartilages for detailed ex- 
amination. 

These, and similar cartilaginous structures, may 
be isolated with ease by maceration in i per cent, 
nitric acid solution, the excess of acid being after- 
wards removed by repeated washings in water. 

The Urinogenital organs. 

Dissect from the ventral aspect, proceeding as di- 
rected in Sect. 11. Having laid bare the viscera, re- 
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move the alimentary canal between the base of the 
oesophagus and posterior third of the large intestine. 
Next open up the latter, as directed in Sect. D. 4 j wash 
and examine under water. 

1. In both sexes. 

a. kidfuys ; symmetrically disposed on opposite 

sides; relatively largest in the male. Eacli is 
convex dorsally (outer border), incomjdctely lobed 
on its inner border. 

The adrenal body ; a band of 3ffellow tissue running 
along the ventral face of each kidney. “ 
e. The duct — itrcier (female) or <e!;niiio-urinary canal 
(male) — running from the outer side of the pos- 
terior ])art of each kidney to the cloaca. Open 
the cloaca and pass a bristle into one of their 
openings. 

In the male R. escidenia each duct is somewhat 
dilated after leaving the kidney : it then narrows 
again and opens on the dorsal wall of the cloaca 
by an oblique slit with sharply defined edges. 
In R. ionporaria the duct docs not dplatc, or only 
very slightly ; but on its outer side lies a glandular 
mass {vcsicula scminalLs)^ from the inner side of 
which a number of minute ducts open into the 
genito-urinary canal. The aperture of the latter 
in the closica is round and has tumid edges. In 
the female of both species the ureters are very 
slender. 

d. The bladder; (cf. Sect. 1). 4. c,) 

2. In the female. 

V • 

a. The genital glands {o 7 'aries) (cf Sect. B. 2. //. /?.) ; 
varying much in size with the season of the year. 
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They overlie the kidneys as seen, each being 
suspended by a fold of mesentery {mesoarium). 

The genital ducts {oviducts) ; convoluted tubes, not 
c6ntinuous with the ovaries, and running back to 
open into the cloaca. Each can be resolved into 
three segments. 

a. A middle or glandular segment ; forming the 
conspicuous coiled portion of the tube. It will 
be found to swell rapidly under imbibition of 
water. 

, A tcmiinal or iderinc segment; thin- walled and 
lying immediately below and external to the 
kidney. Examine it in relation to the cloaca; 
it will be found to open on the apex of a pa- 
pilla, lying side by side with its fellow, im- 
mediately in front of the apertures of the 
ureters. 

Inflate it; it is highly distensible. 

If the Frog be killed during the breeding season, 
this segment will be seen to act as a receptacle 
^ for the eggs prior to c^viposition. 

7., An anterior or thin-walled segntent ; short and 
straight; it passes behind (dorsal to) the lung 
and courses over the base of the same to open 
into the pleuro-peritoneal^cavity antero-ventrally 
by a wide funnel-shaped mouth. 

In the male. 

The genital glands (testes), (cf. Sect. B. 2. //. a); 
varying in size with the season of the year, and 
each suspended hf a fold of mesentery {mesor- 
chium). 
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h. The genital ducts (i^asa effermtia); delicate tubes 
lying within the niesorchium and placing each 
testis in communication with the inner border of 
the kidney of the- same side. 

c\ Tlic ^enito-U7'inary canal {urefer), Cf. Sect. r. c. 

Isxarnine the seminal vesicle (Ak tempora7'ia) 
under a hand lens; it will appear to be continued 
forwards as an excessively delicate filament which 
can be traced, within the mesentery, as far as the 
base of the lung. T'ry to isolate this and follow it 
back ; it will be found to skirt *the outer border of 
the vesicula scminalis, becoming lost in the base 
of the ureter. 

Not unfreqiiently one or more watery vesicles or 
cysts are set along the course of the above-named 
filament. More rarely it may be wholly or in part 
well defined and tubular, having the appearance of 
an immature oviduct, a vestige of which it really 
represents. 

(L 'The fat body (cf. Sect. H. 2 . /.). 'i’his is, in the 
male, very large^ ICarely its basal portion may be 
swollen and pigmented, giving rise t'o an organ 
{Bidd(Ts 07\i^a7i) having much the appearance of 
the ovary of the female and confluent wath the 
head of the testis. 

4 . Remove a kidiley and pin down under water, ventral 
face uppermost. Carefully dissect off the mesentery 
and examine under a lens ; its whole surface will be 
seen to be studded by an immense number of mi- 
nute orifices (yicfJirostofiies)^ placing the interior of 
the kidney in communication with the pleuro-peri- 
toneal cavity. 
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G. The skeleton. 

The skeleton of a Frog may be prepared for exami- 
nation by removing the viscera from the body, and 
roughly dissecting away the muscles and other soft 
parts. Then j)lace the remainder in water and let 
it macerate for about a week; afterwards carefully 
X)ick away the soft parts, with forceps, from the bones 
and cartilages. 

Obtain two such skeletons; allow one to dry slowly: 
preserve the other in weak spirit. 

1 . Its general* arrangement. 

a. The skeleton ; consisting of the vertebral 

colunui and skulls both of whicli lie in the same 
antero-posterior plane. 

b. The appendicular skeleton ; lateral parts (li?nbs' and 
limb-girdles), supported, directly or indirectly, by 
the axis. 

if. The fore-limbs : their supporting slioiilder-^irdh 
or pectoral arch, not directly attached to the 
axial column; the limb proper; its main di- 
^ visions, humerus, 7'(fdius and 7ilna (the two 
latter ankylosed), cajpus and digits, 
h. The hinUdinibs: their supporting hip-girdle or 
pelvic arch, directly attached to the vertebral 
column ; the limb proper ; its main divisions, os 
femoris, tibia and fibuPa (ankylosed), tarsus, 
digits. 

2. The vertebral column ; dried preparation. 

It consists of an anterior segmented portion (each 
segment being a verkbra) and of a posterior iinseg- 
mented portion {the urostyle). 
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Examine carefully and draw various aspects of a 
detached vertebra^ say the third. 

Its solid flattened ventral part {centrum)^ with 
an anterior concave and a posterk^r convex 
surface {proavlous). 

The 7ieural arch : an arch of bone arising from 
the centrum dorso-laterally. It furnislies the 
undermentioned. 

1'he trafisi’erse process : a bony bar arising on 
each^side from the base of tlie arch and passing 
outwards and a little downwrftxJs. 

'The arlicular processes {zy^a^apophysei) ; an an- 
terior and posterior pair, springing from tlie 
sides of the arch; the a?i1erior {pre-zy^apophyses) 
having their smooth articular surfaces directed 
upwards; the posterior (post-zyi^apophyses) with 
similar surfaces directed downwards. 

The short spinous process ; springing from the 
dorsal aspect of the arch and directed back- 
wards. 

The 7icura! canai; bounded, above and at the 
sides by the arch, below by the centrum. 

Examine the remaining vertebrae. 

The first vertebra : its body, produced forwards 
into a wedge-shaped process (pdo?itoid process) 
which lies* between the occipital condyles of 
the skull: its arch, usually incompletely ossified 
in the region of the spinous process, which is 
rudimentary; posterior zygapophyses alone pre- 
sent : the large concave anterior facets {co?idylar 
facets), partly on tfce arth and partly on the 
centrum, for articulation with the skull. 
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y8. The 2nd, 4th, 5tb, 6th and 7th vcrtebrce : 
closely resembling the third, the chief differ- 
ences being found in the varying size and 
•direction of the transverse processes, all of 
which are smaller than those of the thinl 
vertebra. 

y. The Sth vertebra : concave at each end of its 
centrum {iimphiccelous ) . 

8. 'The 9th vertebra {sacrum ) : its centmau ; convex 

in front and with two convex tubercles behind : 

« 

its powerful transverse processes directed up- 
wards and backwards and exj)anded for ar- 
ticulation of the lu'p-girdic. 

The characters of y. and 8. are liable to varia- 
tion. 

Occasionally the vertebnx may be 8 or 10 in 
number, 

c. Examine any two vertebrm from the side, in their 
natural positions. 

a. The zygapop/iyses ; cf. supra; note their modes 
cf articulation. 

The neurjfl spines; short and backwardly di- 
rected. 

y. The transverse processes ; sloping ui)wards and 
backwards. 

8. The inter-vertebral foramina (for exit of spinal 
nerves); interspaces left between each pair of 
neural arches, immediately below the zyga- 
pophyses. 

Note that there is no corresponding passage 
between the skull and first vertebra. 



58 ELEMENTARY BIOLOGY. [CJIAP. 

d. The imsegmented portion of the column (icro- 
style). 

a. Its anterior end, enlarged and bearing two ar- 
ticular concavities. 

Tills region is liable to variation. 

Its posterior end; tubular in the dried skeleton, 
but in the fresh state filled with cartilage which 
projects beyond it. 

y. 'Fhe prominent arch along its dorsal surface; 
geltuig ridge-like and disappw^aring posteriorly. 

8. The small neural canal, enclosed by y! 

€. 'Idle two minute foramina (for exit of the tentli 
])air of spinal nerves) at its extreme anterior 
end. 

3. The vertebral column, wet preparation. 

Cf. supra, and note in addition. 

< 1 . The great mobility of the segments upon each 
other. ] dirts in articulation will be found to be 
united by sheets {capsules) or bands (lii^auienfs) of 
ghstening white Vibrous tissue. 

Make a longitudinal vertical section of the entire 

.• 

vertebral column, and examine the cut surface. 

a. The vertebf'al bodies {centra). Note tlie shapes 
and mode, of articulation of their applied ends 
{articular surfaces) \ each will be seen to be 
cai)ped in cartilage, the apposed faces being 
kept moist during life. 

/j. 'Lhe intra-vertebral bodies; small gelatinous 
masses lying within the Substance of a. They 
are most marked in young specimens. 



THE FROG. 


59 


y. The nrostyle; its body is cylindrical in section 
and largely filled with a gristly core, identical 
with /3, which is continued back as a free termi- 
• nation to the whole axial skeleton. 

K The neural canal; note especially its termina- 
tion in a x)ointcd extremity, lying within the 
arch of the urostyle. 

c. Isolate the third vertebra, and examine — 

a. Its zyy;apopIiyscs ; cf Sect. 2. c. Each is cai)ped 

in cartijage, in common with thx; other articular 
faces. 

/j. Its transverse processes; each terminating in a 
backwardly prolonged cartilaginous expansion. 

The skull; dried preparation. 

a. General, EAamine from tlie dorsal aspect; it 
emljrac'es 

a. Tire cranium ; median and enclosing llie brain, 
sometimes termed the brain-case, 
f3. The facial apparatus; tlie system of outstanding 
J)ars, conspicuous as tTie jaw-apparatus, 
y. The scftse capsules. The auditory capsules, 
paired postero-lateral expansions ; the olfactory 
capsules, similar but less obvious antero-lateral 
expansions (they aie better seen in the wet state. 
See infra), 

b. Examine the posterior end of the skull, 

a. The large aperture {foramen magnuni) in the 
middle line, leading into the cratiial cavity, 

/?. The convex surface {occipital condyle) on each 
side of the foramen magnum, for articulation 
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upon the corresponding concave facet on the 
front of the first vertebra. 

y. The exoccipitah ; bearing the condyle on each 
side, and bounding the foramen insignum 
laterally. 

'Phc pm)-otlcs : lying immediately in front of y, 
and running outwards on each side, forming 
the roof and front wall of the auditory capsule. 

€. The S(]namosal; a hammer-shaped bone, ex- 
tenefing from the outer edge of S. downwards 
and backwards towards the articulation for the 
lower jaw. 

The coiuniclla anris ; seen, at tliis stage, as a 
bony rod which underlies the pro-otic and 
stands out immediately behind the head of the 
scpiamosal. (It is best studied later on.) 

The roof of the skidL 

a. ''Phe exoccipitah^ pro-otics and squamosal, Cf 
supra. 

The fronto-parietals ; two long btfnes united 
by suture in the middle ^line, roofing in the 
cranium. 

y. The 7iasah; two triangular bones immediatel}' 
in front of y3. set transversely and a little ob- 
liquely. 

8. The prc-maxillce; two small bones in front of y., 
meeting in the middle line and boundingi the 
front of the gape. Each sends up an asce?iding 
process which is difecteef towards the inner end 
of the nasal bone. 
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£. The maxilltc; on either ^de a long hone 
bounding the greater part of the gape, and 
abutting against S. in front. Each maxilla 
’ sends up an asce7tding process^ which abuts 
against the outer end of the nasal. 

The (piadraio-jugal a delicate bone, on 

cither side, bounding the hinder third of the gape 
and passing between the maxilla and squamosal. 

d. The base of the skidL 

a. The exocdpitals^ pro-ofics^ pre-maxilhe^ maxilhe^ 
• and q'tadraiofti^^als, Cf. supra. 

Note that each pre-maxilla sends back a short 
palatine-process. 

fi. 'rhe parasphenoid ; a dagger-shaped bone running 
along the greater part of the floor of the cranial 
cavity. 

y. The sphenetJunoid or girdle-bone; a large bone 
underlying the anterior portion of /3. and en- 
closing the anterior third of the brain-case. 

S. The palatines; slender bones, one on each side, 
passing out transversely from near the anterior 
end of the parasphenoid to the body of the 
maxilla. Each underlies the corresponding 
nasal bone. 

c. The voniers; two broad ‘irregular shaped bones, 
immediately in front of S. These, in common 
with the maxilla) and pre-maxillse, bear teeth. 
(Cf. Sect. E.) 

C The pterygoids; large triradiate bones, one on 
either side. Itach abuts against the antero- 
ventral bord/?r of the auditory-capsule internally; 
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anterigrly it is prolonged forwards, flanking the 
maxilla, to meet the outer end of the palatine; 
posteriorly it runs downwards and backwards, 
parallel with tlic s(piamosal. 

The side of iJie skull. 

a. Compare generally with the foregoing; note 
especially the bac'kward rotation of the scjua- 
mosal, and the mutual relationships of the max- 
illo-jugal bones. 

/i. The mafuiihle or lower jaw; it consists of two 
distinct halves, or rawiy which muet in the 
middle line in front. 

Ill each ramus three pieces may be made out 
— a main piece, which runs nearly to the middle 
line in front {ajue^ulo sf/oiurl); a thin scale* like 
piece (deufary) flanking the outer anterior face 
of the former; and a small nodular one fnento- 
Meckelia?i) meeting with its fellow in the sym- 
physial line. 

5. The skull; wet preparation. 

Remove the lower jaw and hyoid, :i4id carefully 
dissect off from the rest of the skull, under water, 
the undermentioned bones, ^nhs may be done with 
comparative ease, if, holding the whole down with 
the left hand the bones of one side be removed, 
cither by inserting the point of a scalpel beneath 
them or by the aid of forceps. 

The bones to be removed -dorsal scries^ fronto- 
parietals (one or both), nasal, squamosal, maAilla, 
pre-maxilla; parasphenoid, vomer, pala- 

tine, pterygoid; care must be taken that none of the 
underlying cartilage is brought away with the latter. 
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There will thus be laid bare the chpndro-cranium ind 

its related bones. 

a. Dorsal aspect. 

The chondro-cranium : a cartilaginous mass en- 
closing the brain and olfactory and auditory 
sense organs, and bearing, laterally, an out- 
standing cartilage which is flanked by the pala- 
tine and pterygoid bones {palato-quadraie car- 
tilage or suh-ocidar arch), 

fi, 'Vhc sphenethmoid, pro-otics and exoccipitals ; seen 
• to be formed as replacements of the chondro- 
cranium in bone; they are insc})arable from it, 
being termed therefore cartilage tnmes, by way of 
distinction from those superadded ones which 
have been stripped off {incmbrajic hones). 

J^kxamine in detail. 

7 . The cranium; its roof will be seen to be in- 
completely cartilaginous, bearing three mem- 
branous areas or fontanetles, all of which un- 
derlie the fronto-parietals. They are — a larger 
^median one in front, extending forwards to the 
posterior 3 )ordcr of the sidicnethmoid ; smaller 
paired ones behind, extending outwards to the 
inner border of the pro-otics. 

K The sub-ocular arch; cobfluent, in front with 
the olfactory capsule, behind with the auditory 
capsule. Its palatine bar ; standing out at right 
angles to the long axis, and expanded ex- 
ternally to form a plate {orbital process) for sup- 
port of the maiilla (cf. opposite side). Its 
pterygoid bar^ produced backwards, outwards 
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and downwards, into a stout rod or suspaisomuny 
which lies between the pterygoid and squa- 
mosal and furnishes the articulation for the 
lower jaw. 

olfactory capsules ; confluent witli each other 
and the cranium, and incompletely separated 
above by a median longitudinal furrow. 
dorsal wall of each will be seen to be scroll- 
shaijcd and produced — in front, into a blunted 
pre-uasa/ process^ which abuts against the inner 
face of the maxilla (cf. oi)posite side) : behind, 
into a laminate alMiasal process, which encircles 
the outer and hinder margins of the anterior 
nostril. 

If the preparation be made with great care, the 
front wall of the narial passage will be seen to 
lodge a couple of minute labial cartilaj^^cs, which 
overlie the base of the pre-nasal process. 

Ventral aspect. 

d’he cranium ; completely cartilaginous below 
and at the sides. Note the limitit, of the car- 
tilage bones. 

Certain apertures (exits for cranial nerves) 
will be seen ; they are best studied later. 

The sub-ocular arch; in front, confluent with 
the expanded floor of the olfactory capsule; 
behind, in articulation with the ventral outer 
border of the auditory capsule. 

T]’*e rhinal processes. That of the dissected side 
will be seen as a small hammer-shaped cartilage 
lying near the middlp-line in front, ventral to 
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the olfactory capsule. It projects freely ior- 
wards and inwards. 

r. Lateral aspect. 

Compare generally with a. and h. and note es- 
pecially. 

a. 'rhe sit spen sari urn ; its backward rotation ; its 
rounded free end, for articulation of the lower 
jaw. 

ft. The quadrate hone; represented by an insig- 
nificant nodule lying Avithin the substance of a. 
• near its articular end. It may or may not be 
confluent Avith tlie quadrato-jugal. 

it Posterior aspect. 

a. The exoccipitals ; separated above and beloAv 
by cartilage (i.e. there are no median occipital 
bones). 

ft. The col Hf net la auris. Remove this on the dis- 
sected side ; and note that its inner end plugs a 
large aperture {^fenestra avails) in the outer Avail 
of the periotic capsule.. 

y. Tlie suspensoriiun ; noAV seen, on the same side, 
• in its entir*'.y. Note ; its pedicle^ the main bar, 
prolonged down to give articulation to the lower 
jaw ; its dorsal cros^, confluent with the outer 
wall of the auditory capsule, and expanded, to 
form a ledge {tegnien tympani) Avhich overlies 
the columella; its ventral cross (cf. h. ft.) rounded, 
and in definite articulation with the antero- 
ventral border of the auditory capsule. 

e. Inner aspect. 

Remove all thj^t remains of the chondro-cranium 
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on the <iide which has been dissected, cutting a 
little to one side of the middle line, thus reducing 
the whole to a condition of vertical longitudinal 
sectio7i. Examine from within. 

a. The cranial and nasal cavities ; note their limits 
and mutual relationships. 

/?. T’iie septum nasi; a median plate of cartilage, 
separating the two nasal chambers in the middle- 
line (examine from the front). 

y. The sphenethmoid. Seen to consist of a pos- 
terior cranial portion which embraces the an- 
terior third of the brain-case, and an anterior 
paired t)ortion, which is similarly related to the 
bases of the olfactory capsules. 

8. The exoccipital and pro-otic. Examine these in 
relation, as seen from within (cf. § 4 A). 

The frontoparietal^ nasal, vomer, and para- 
sphenoid (if in place). Examine, in relation to 
the chondro-craniuni. 

The rhinal process (cf. § b. y.) ; seen to form a 
support for the pre-maxilla, abutting against its 
inner face. 

r/. The fot'amina for exit of the cranial Jiervcs — as 
under. 

i. The olfactory foramifia (I. Chanial); a perfora- 
tion of the partition between the two portions 
of the sphenethmoid. 

ii. The optic foramen (11. Cranial); obviou« as a 
perforation of an oval membraneous area of 
the side w’all ti short distance behind the 
sphenethmoid. 
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iii. The foramen of exit for V: VL VIL; a large 
aperture, below and in front of the pro-otic. 

iv. The foramen for IX. and X.; perforating the 
body of the exoccipital. 

The audito7y foramen (VI I L); a small per- 
foration of the cartilaginous wall of the audi- 
tory capsule just behind iii. 

vi. The foramen for III. ; small and situated im- 
mediately in front of iii. 

vii. The foramen for IV. (;/. fathcticus) very 
• small above and a little in front of the optic 

foramen. 

f. The mandible. See 4 . e, fS, 

Strip off the dentary with care ; there will be 
found, in close apposition with the outer face of 
the angulo-splenial, 

a, MeckeVs ear/i/age ; a gristly rod, forming a core 

for the lower jaw. Examine its posterior end ; 
it is alone concerned in articulation. 

fS. •Fhe moito-MeckeJian bo7ie ; a small nodule aris- 
. ing as an^ ossification of the symphysial end 
of a, 

6. The hyoid. 

a. Its broad somewhat tetragonal central part {body), 
bearing a number of outstanding i)rocesses, for 
attachment of muscles (cf. Sect. E. 2 . e.). This 
is usually cartilaginous, being ossified only in old 
individuals. 

b. Its posterior cortiua, or thyro-hyals ; short bony 
rods, sloping obliquely backwards and- outwards. 
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c. Its anterior cornuay slender cartilaginous rods> 
arising from the front of the body on either side : 
each is long and curved, running at first forwards, 
then backwards and outwards, and finally' for> 
wards and upwards, to become attached to the 
periotic capsule below the fenestra ovalis. 

7. The limbs and limb-girdles. 

'These are best studied in tlic wet state. In 
dealing with the carpus and tarsus, no difficulty will 
be found if treated as follows. Isolate sufificicnt of 
the limb-skeleton to embrace the carpus ^ or tarsus 
and pick away any fragments of the soft parts wliich 
may remain; immerse in spirit for a few Iiours; 
transfer to absolute alcohol for i hour, thence into 
oil of cloves. The latter medium will thoroughly 
clarify tlie preparation, and it may be kept in it for 
an indefinite period. 

The shoulder-girdle and its related structures. 

ii. Their ^a^cvicral arrangement : they form an incom* 
llele ring round the fore part of the trunk, com- 
posed partly of bone, partly of cartfiage. Note 
the cavity {glenoid fossa) with which the fore-limb 
articulates. 

Examine from the ventral aspect ; the whole is 
.seen to consist of 

a. Paired elements ; symmetrical on opposite sides 
and meeting each other in the mid-ventral 
line. 

/?. Jlfedian elements; in corresponding relationship 
anteriorly and posteriorly with the applied ven- 
tral ends of a. 
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h. The paired elements. Flatten ojit the whole on one 

side, so as to obtain a lateral view. In the region 
of the glenoid fossa there will be seen a sharp line 
c/ demarcation between a dorsal scapula segment : 
and a ventral coracoid segment^ the middle area of 
which is fenestrate {coracoid fontanellc). 
a. T'he scapula segment; subdivided into a thin ex- 
I)andcd partially ossified dorsal portion {supra 
scapula) and a stouter bony piece (the scapula) 
which furnishes the dorsal half of the glenoid 
fossa. 

The conuoid segment; largely ossified, and com- 
posed of a smaller anterior claincle^ and a 
stouter posterior coracoid, the latter furnishing 
the ventral half of the glenoid fossa. 

llie median elements. 

a. The .xiphisternum; a median cartilage, en- 
sheathed in bone, abutting against the applied 
ends of the coracoids. It expands posteriorly 
to form a heart-shaped plate, notched from 
beliind {xiphoid process). 

13. ^The omosternum, a slender cartilage cnshcathed 
in bone, tanilarly related in fiont. It also ends 
in a cartilaginous expansion. 

It is doubtful if the above really represent 
sternal elements, especially in the case of the 
anterior one. 

The skeleton of the fore-limb. (Cf. Sect. A. 2 . c.) 
a. The arm-bone {humerus). 

a. A somewhat cylindrical bone, composed of a 
middle shaft witH an articular expansion at each 
end. 
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/3. The great ridge (deltoid crest) on its antero- 
internal surface, to which a muscle (deltoid) 
was attached. 

The development of this crest is grcatcr^in the 
male than in tlie female. 

Ik The bone of the forearm. 

a. ILxcavated above to receive tlie lower end of 
the humerus. 

Shewing below two articular heads separated by 
a ndteh, which is the last trace of division be- 
tween the two bones of which it is made up; 
\'\z. the i\idius and the ulna. 

y. Pull the limb out straight, palmar surface down- 
wards, so that it comes to be situated at right 
angles to the long axis of the body. The radius 
and pollex lie on the anterior or f re-axial side, 
the ulua and little finger on the posterior or 
post-axial side, of a line drawn through the axis 
of the whole limb. 

r. The digits. 

Five in number, the first (radial one) r^4dimentary: 
beginning at the outer or ulna side, we find - - 

a. dlie fifth digit: it presents a cylindrical proximal 
bone (metacarpal) followed by three others 
{phalauges}, each shorter tlian its predecessor. 

/5. The fourth digit: a metacarpal hone and three 
phalanges. 

y. The third digit: a metacarpal bone with < two 
phalanges. 

S. The second digit a metacarpal bone with two 
phalanges. 
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€. The first digit {follex) supported only by a small 
metacarpal bone, 

d. The carpus. Proceed as directed at the outset, 
and examine under a low power. Its elements 
ran be resolved into three sets. 

a. Proximal elements; two in number, articulating, 
side by side, upon the radius and ulna respec- 
tively. 

[]. Distal elements; three in number, 'i'hc outer 
one gives articulation to the three outermost 
digits; ind is mainly connected with the outer 
element of the proximal series. The two inner 
ones give aiticulation to the pollex and second 
metacarpal res])ectively. 

y. The central element (centra/e); pre-axial in posi- 
tion, and wedged in between tlie two innermost 
elements of the distal series and the correspond- 
ing proximal ])iecc. 

The hip girdle. 

a. It^ general form : V-shaped, with the apex directed 
backwards. It consists of paired elements which 
unite in ihtf jniddle line and are in direct articula- 
tion with the vertebral column (sacrum). 

b. The fossa {acetabulum) on each side, for articula- 
tion of the hind-limb. 

c. Examine from the side. Tlie whole will be seen 
to be subdivided, by a triradiate fissure running 
through the acetabulum, into three j^ieces, viz , — 

a. The pubis; a ^hiall triangular wedge-shaped 
piece (cartilaginous except in old frogs) ; ventral 



ELEMENTARY BIOLOGY. [CIIAP. 

in position and furnishing the middle third of 
the acetabulum. 

An anterior elongated piece {ilium) \ subcylindri- 
cal in front, behind, laterally compressedc(^mA? 
ilii) ; it furnishes rather more than the anterior 
third of the acetabulum. Its articulation with the 
sacrum is effected through the agency of a car- 
tilaginous sifpra-ilium ; related to the ilium, as is 
the supra-scapula to the scapula in the shoulder- 
girdje (cf. p. 69). 

A j)Ostcrior, laterally compressed piece (Ar///-?/;;/) ; 
united with its fellow in the middle line. It 
meets the ilium above, below it is separated 
from it by tlic pubis ; it furnishes rather less 
than the posterior third of the acetabulum. 

The skeleton of the hind limb. 

a. The ihigh-bone {os femoris) ; its cylindrical shaft 
and rounded articular ends. 

Ik "riie lcg-bo7ic (os criu^is), 

tt. A long cylindrical bone, expanded at its articular 
extremities. Its upper end; excavated for ar- 
ticulation upon the femvr. Its lower end; 
rounded and notched to give passage to the 
tendon of the tibialis posticus muscle (Sect. H. 
7. a. ' 

/?. The longitudinal grooves on it ; indicating that 
it is really made up of two united bones, the 
tibia and the fibula, 

y. The nutf'itive foravmi (for passage of nerves and 
blood-vessels into its interior); a small slit-like 
perforation of the middle of the shaft. 
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Look for similar perforations in the other bones 
examined. 

8. Pull the limb out straight, plantar surface down- 
wards, as directed for the anterior appendage. 
The tibia and hallux are pre-axial; the fibula 
and little-toe post-axial. 

€, The tarsus. 

Its proximal elements are seen as two elongated 
bones (separate in the middle but confluent at 
their cartilaginous extremities) in articulation with 
the ankylosed tibia and fibula; the pre-axial, or 
tibial, of these is the astragalus ; the post-axial or 
fibular, the calca7ieum. 

d. 'J1ie digits. Five in number ; the internal one tiie 
shortest, the fourth the longest. T'hcir compo- 
sition — 

a. The first, or hallux (tlic most internal) ; a me- 
tatarsal boue^ followed by two phala7i<ges, 

/ 3 , The second : same as a, but longer. 

y. The third: a metatarsal bone with three pha- 
langes. 

8. * The fourtlf. a metatarsal bone and four pha- 
langes. 

c. The fifth : like the third, but a little shorter. 

e. The tarsus and calcar. 

Remove the middle portion of the foot-skeleton, 
to include the apposed ends of the astragalus and 
calcaneum and the metatarsals ; treat with alcohol 
and oil of cloves a# previously directed, and ex- 
amine under a low power. 
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a. The distal tarsal series ; two in number in the 
adult and imperfectly ossified; viz. — a larger 
compressed post-axial element, giving articu- 
lation to the second and third digits ; a^smaller 
nodular pre-axial piece, giving articulation to 
the hallux and calcar. 

/?. The calcar (^pre-hallux ) ; seen to be composed, 
except in very old frogs, of three pieces, identical, 
in their characters and relationships, witli the 
component parts of a digit. 

Jf. Myology; as illustrated in the hind limb.- 

(For the following dissection it is desirable to have 
a frog which has been lying some time in spirit.) 

Pin the animal down on its back, and remove the 
skin from the hind limbs. 

T. General. 

In dissecting the muscles, separate them gently 
from one another, tearing through the connective 
tissue which unites them. 

a, Kach is chiefly made up of a main iflass, or helly^ 
which is nearly white and rqxdily tears into bundles 
in a muscle which has been in spirit ; but it is 
softer, redder, and does not so easily split up in a 
fresh muscle. 

b. At both ends, in most cases, the belly is replaced 

dense shiny tissue forming a tendon. 

The tendons are fixed directly or indirectfy to 
some of the neighbouring bones, the less move- 
able attachment is termed the origin of a given 
muscle; tlie more moveable its insertio?^ 
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2. The superficial muscles on the front of the thigh. 

a. The sartorius : a thin ribbon«like muscle running 
down the middle ; it arises from the symphysis 
pubis and is inserted into a tendinous expansion 
(aponeurosis) on the inner side of the knee-joint. 

l\ The rectus mternus major: a large muscle running 
along the whole inner side of the thigh; arises 
from the symphysis pubis below tlie sartorius and 
is inserted into the same aponeurosis as that 
muscle. 

c, I'ke rectus i:dcr?ius minor: a tliin muscle lying in- 
side and ratlier behind the rectus interniis major. 
It arises from the j^elvis close to the anus and is 
inserted into the aponeurosis about the knee-joint. 

d. The triceps femoris : a powerful muscle on the outer 
side of the thigh (it may be best studied later). 

3. The deep muscles of the front of the thigh. Cut 

across the belly of the sartorius, and turn its ends 
out of the way; there will thus be laid bare — 

a. ’y\\e»adductor ma<:e;nus: a powerful muscle lying im- 
njediately above the rectus inlernus; it arises from 
the pelvis, between the origin of the sartorius and 
that of the rectus internus major. Its fibres are 
inserted directly (/>. without the intervention of a 
specialised tendon) into the inner side of the distal 
half of the femur. 

The adductor iongus: a thin band immediately in- 
ternal to the sartorius; it arises from the anterior 
border of the symphysis pubis and joins the ad- 
ductor magnus at its insertion. 
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Force the adductors longus and niagnus well apart 
(noting the insertion of the latter) and pin them back 
if needful; there will thus be exposed — • 

L\ The peciiucus: a small muscle, arising from the 
front of the pelvis, close to the symphysis, and 
inserted into the anterior surface of the distal half 
of the femur. 

d. 'I'h^ addiuior hrvis: a small muscle lying on the 
inner side of the pectineus, close to which it arises 
and Is inserted. 

Sever the rectus internus major and r.i, minor and 
turn their cut ends back; thrust the adductor magnus 
forwards; there will thus be laid bare — 

e. The scmiicndifiosus: this is a long slender muscle 
bifurcated at its upper end: its two heads^ lliiis 
formed, arise, one {anterior head) from the jjelvis 
between the ischial symphysis and the aceta- 
bulum; the other {posterior head) from the ischial 
symphysis: the muscle terminates below in a 
rounded tendon which is inserted along with the 
s;(rtorius. 

Its anterior head enters into a close relationship 
with the adductor magnus. 

4. The superficial muscles on the back of the thigh. 

Turn the frog over on to its belly, and remove the 
skin from the back of the limb. 

a. The triceps femoris: a very large muscle on the 
outer side, divided above into three heads, which 
are often regarded separate muscles, viz. 

a. The vasiits externus: its outer head; it arises 
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from the hinder edge of the iliac bone. Cut li 
across and reflect the two halves. 

/>’. The vastus mternus: its inner head; a very 
laige muscle on the outer anterior aspect of the 
thigh, arising from the pelvis close to the hip- 
joint; it unites with a. to form a common 
tendon of insertion into the aponeurosis on the 
front of the os cruris. 

7. The rectus femoris anticus: its middle head; a 
small muscle arising from the postcro-ventral 
border of the iliac bone and inserted along with 
the above - 

b. The biceps femoris: a long thin muscle, lying 
along the inner side of the vastus externus; it 
arises from the iliac bone above the acetabulum; 
below it divides into two slips, one of which is 
inserted into the middle of the shaft of the femur, 
while the other ends in a rounded tendon which is 
inserted into the back of the distal end of the same 
bone. 

Th^ semimembranosus: a farge muscle immediately 
below the biceps; it arises from the upper pos- 
terior i)art of the iliac symphysis and is inserted 
into the aponeurosis round the knee-joint. 

5. The deep muscles of the back. of the thigh. 

Divide and reflect the biceps femoris and semi- 
membranosus ; there will thus be exposed : — 

The glutceus: a short thick muscle arising from 
the hinder two-thirds of the external border of 
the ilium ; it runs down between the vastus ex- 
temus and the rectus anticus tp be inserted, by a 
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powerful tendon, into the back of the head of the 
femur. 

b. The ileo-psoas : it arises from the internal surface 
of the posterior end of the ilium and isfinsertecl 
into the upper and outer border of the shaft of 
the femur, immediately above the lesser slip of 
the biceps. 

i\ 'J'he pyri/ormis. This arises from the hinder end 
of the urostyle and, passing inside the vastus ex- 
ternus and biceps feinoris, is inserted into the 
shaft of the femur. 

// The adductor brevis (cf. § 3. a small muscle 
lying immediately bencatli c. 

e. The adductor magnus (cf. § 3. a fleshy mass 
lying immediately beneath the semimembran- 
osus. 

The rotator muscles of the femur. 

Pin the whole down on one side, and remove all 
the muscles hitherto examined with the exception of 
the gluteus (5. leaving their cut ends. Turn 
these well back, noting their relatioirs; there will 
thus be laid bare : — 

a. The gluteus (cf. sipra ^ ; its whole course can now 
toe followed. 

b. The quadrcitus feinoris^ arising from the postcro- 
dorsal border of the ilium and inserted into the 
posterior upper border of the shaft of the femur, 
side by side with the pyriformis (5. cl), ^ 

c. The obturaiorius : this is best seen on reflection 
of L It arises frdln the postero-ventral area of 
the hip-girdle to which it is closely applied; its 
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tendon of insertion passes obliquely forwards and 
downwards immediately beneath that of the glu- 
teus, to reach the head of the femur. 

Vhe muscles of the leg. 

a. Turn the frog on its back, and remove the skin 
from the foot: fasten the same down, dorsal sur- 
face upwards. The os cruris will now be seen 
running down the middle of the leg. Ikying on 
its inner side are two muscles, viz. : — 

a. The gastrocnemius : a muscle witli a great fleshy 
•belly; it arises above by two tendons; one 
(much the larger) starts in the region of the 
knee-joint partly from the femur, partly from 
the os cruris; the other arises from the apo- 
neurosis adjacent Below, the muscle ends in 
a great tendon {tendo Ac/iillis)^ which termi- 
nates in an aponeurosis on the plantar surface 
of the foot. 

/ 3 . The tibialis posticus : a slender muscle covered 
in the main by the gastrocnemius; it arises 
frpm the posterior surfiice of the os cruris and, 
passing to the inner side of and through the 
ankle-joint *(cf. p. 72, leg-bone), is inserted into 
the astragalus. 

b, a. and act as flexors of the foot; on the 
opposite side of the leg lie the following ex- 
tenso?'s, 

a. The peroneus : the largest and most external; 
it arises from the outer side of the distal ar- 
ticular end of th« femur and, running across 
the ankle-joint, is inserted into the calcaneum. 
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This muscle is best seen from the dorsal 
aspect. 

p. The tibialis anticus : a small muscle beneath 
and dorsal to the peroneus ; it arises from the 
front of the lower end of the femur and from 
the capsule of the knee-joint ; below it divides 
into two slips which are inserted into the dorsal 
surface of the astragalus and calcaneum re- 
spectively. 

y. The extensor cruris brevis: this lies internal to 
the upper part of the last muscle; it arises 
from llie front of the distal articular end of 
the femur and is inserted into the middle third 
of the os cruris. 

t, 'I'he flexor tarsi attterior: a small muscle, best 
seen on reflecting the tibialis anticus ; it arises 
where the extensor cruris ends, and is inserted 
into the dorsal face of the astragalus. 

I. The blood-vascular system. 

The dissection of the blood-vessels maybe facilitated by 
previous injection, as directed in the Ap|5fcndix C. If 
a permanent preparation be deSjired gelatine .or plaister 
of Paris may be preferably employed. For ordinary 
working purposes, there is nothing more convenient 
than a mixture pf French blue, injected wherever de- 
sirable with a medicine dropper (see Appendix). 

I. The heart. 

Obtain a freshly-chloroformed Frog and pin *down 
on its back; slit up the ventral integument along 
the middle line as dhected in Section B, and pin 
back the two flaps, avoiding stretching. Next raise 
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the xiphisternum with forceps, and remove the entire 
ventral portion of the slioulder-girdle, being very 
careful not to injure the underlying blood-vessels. 
Jlaise the pericardium in like manner and remove 
sufficient of it to expose the heart. 

a. External anatoyny of the heart, 

a. Its posterior conical thick-walled j^ortion {7'en- 
tridc') with the apex directed backwards. 

/i. The truncus arteriosus; a sub-cylindrical part, 
arising from the right side of tiie base of the 
, ventricle and dividing anteriorly into two {aortic 
are/u\s), 

y. The atrium; thin-walled, rounded, lies on the 
dorsal aspect of the truncus, in front of the 
ventricle. Its subdivision into the two auricles 
is not visible from this aspect. 

8 . Carefully raise the ventricle : lying beneath it 
(that is, on its dorsal side) will be seen the sinus 
venosus ; an elongated thin-walled sac, seen to 
be in immediate relationship to the atrium and 
igi connexion with the great veins, which enter 
it through the dorsal wall of the pericardium. 

h. The pulsation of the heart, 

a. Watch the movement carefully ; it is a regularly 
alternating series of contractions and dilatations. 
/?. It will be seen that the two auricles contract 
together; immediately after them, the ventricle ; 
and then, instantly, the truncus arteriosus. 

7 . Raise the ventricle so as to see the sinus ve- 
nosus ; it will be fftund to contract immediately 
before the auricles. 
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The anterior abdominal vein. (Cf. Sect. IL c. a.) 

This is seen to receive a series of paired epigastric 
veins^ which run in the tendinous intersections of 
the ventral muscles. 

Carefully dissect the body-wall away from it, until 
liberated for its whole course. Note — 

a. Its origin ; by the fusion in the middle line of a 
couple of short veins (^pelvic veins)^ 
base of the pleiiro-pcritoneal cavity and bringing 
back blood from the hind-limbs. 

/>. Its distribution. Trace it forwards ; it runs be- 
neath (dorsal to) the ventricle : on raising the 
latter it will be found to divide into two branches, 
one of which goes to each lobe of the liver (^afferent 
hepatic veins), 

c. Its lesser factors, 

a. The epigastric vems ; described above. 
p. The vesical vein ; entering its base, and bringing 
in the blood from the urinary bladder and in- 
testinal wall immediately adjacent, 
y. ‘The cystic vein ; a small vessel, usually entering 
the right afferent hepatic branch, bringing back 
the blood from the gall-bladder. 
h. The cardiac vem ; a minute vessel, seen, on 
displacing the ventricle, bound up in a special 
fold of the pericardium. It brings back the 
blood from the wall of the triincus arteriosus. 

The hepatic portal vein. ^ 

Raise the left lobe of the liver ; the main trunk of 
the above will be seen- running through the head of 
the pancreas to enter the same; it communicates 
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with the anterior abdominal vein by a large vessel 
{systcmico- portal anastomosis). 

Note that it is formed by the union of those vessels 
^bringing back the blood from the alimentary canal 
and its appended glands (its factors may be better 
studied in detail later on). 

Frequently, but not invariably, sonic of the veins 
(^^astr/c veins) which carry back the blood from the 
stomach, enter the liver independently of the rest. 

The renal portal veins. 

Remove sufiicient of the alimentary canal to fully 
expose the :.idneys. The above-named veins will 
be seen skirting the outer borders of the same ; that 
of one side may be examined in detail. 

a. Its orv^in; when traced back it is seen to arise, 
side by side with the pelvic vein (i. al) from the 
bifurcation of a vessel which skirts the outer 
border of the thigh {femoral 'oein), 

b. Its dtstribuiion ; on reaching the kidney it is seen 
to break up into a number of ajfe^'enf renal veins, 
for distribution to that oi^an. 

c. remainmg factors. 

tt. The sclaitt vein; a large vessel seen, on 
carefully dissecting away the iup-girdle, to bring 
in the blood from the deeper parts of the hind- 
limb. 

The dorso-lumbar vem; a well-defined vessel 
joining it anteriorly on a level with the kidney; 
it brings back the blood from the body-wall 
adjacent. 

7. The oviducal vems^; two or three vessels entering 
it (in the female) immediately behind 

6 — ? 
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5. The inferior vena cava. 

Remove llic stomach and intestine, being careful 
not to injure the liver. The above-named vein will 
be obvious as a large vessel lying between the 
kidneys; follow it forwards; it will be seen to pass 
behind (dorsal to) the liver, to enter the sinus 
venosus. Its factors are — 

lU Tlie ejfcrent renal veins; a series of vessels arising 

from the ventral faces of the kidneys. 

« 

Ik The genital veins; variable in number and detailed 
relationships, bringing in the blood from the 
genital glands. 

<• The hcpaiic veins {effere/it hepatic vessels); two or 
more in number, seen, on turning the liver over, 
to enter the vena cava just before it reaches the 
heart. 

6 . The veins of the superior caval system. 

Little trouble will be found in following these if 
the ventral portion of the shoulder-girdle and its re- 
lated pectoral muscles be carefully remeved. 

a. The superior vence cavee; ' short vessels seen to 
enter the sinus venosus on cither side, im- 
mediately l)eneath the atrium. Each is formed 
by the union of the three following factors. 

<x. 'Ehe exte7-nal jugular vein, running down the 
under side of the throat and bringing back 
blood from the superficial parts of the head. It 
is formed by the confluence of the lingual veiti 
from the tongue, and the inferior maxillary vein 
which skirts the outer side of the lower jaw. 
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/3. The infiomhiate vein; formed by the union of 
the internal jugular vein, seen just behind the 
angle of the jaw, and bringing back the blood 
from the brain, spinal cord, and deep-seated 
parts of the head, with the subscapular vein 
returning the blood from the muscles of the 
shoulder. 

y. The axillary vein ; formed by the union of the 
subclavian vein which returns the blood from the 
arm, with a large vessel {great cuta?i€ous) bring- 
ing back the blood from the integument. 

7. Th'e pulmona.ry veins. 

I'hese are exceedingly conspicuous in spite of 
tlieir small size, on account of the black densely 
pigmented nature of their walls. On raising the 
ventricle they arc seen arising along the inner faces 
of the lungs and uniting just before entering the left 
side of the atrium (1. auricle); the riglit one is, of 
]ieccssily, the longer of the two. 

8 . The system of the aortic arches. 

These may be dissected 4n the same animal; there 
are tftree sets of vessels on each sidej arising from 
the truncus artatriosus. They may be readily distin- 
guished from the great veins by their pinkish colour, 
due to the i)resence of a small (quantity of blood, and 
by the thickness of their walls, the latter being very 
obvious in the case of any one of the larger arteries 
as whitish contour lines. 

q. The anterior or carotid arch, concerned with the 
blood supply to the head; it arises on each side 
as a short trunk {cofltmoii carotid) which early sub- 
divides into — 
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a. Tlie external carotid {lingual artery) to the 
tongue and floor of the mouth; it and the com- 
mon carotid together accompany the external 
jugular vein. 

/3. The internal carotid; passing outwards and up- 
wards to reach the deep-seated parts of the 
head. Its branches accompany most of the 
factors of the internal jugular vein, 
y. The carotid gland ; a pigmented enlargement at 
the base of /^. 

Ik The middle or aortic arch: this is the largest of the 
three: it runs round the throat towards *the verte- 
bral column, and unites with its fellow to form the 
dorsal aorta (this may best be followed in detail 
later). It gives off, on either side, at the level of 
the arm. 

a. The subclavian artery ; mainly distributed to the 
fore-limb. 

/?. The vertebral artery; arising immediately in the 
front of a, and distributed to the vertebral 
column and the back, together with the super- 
fcial parts of the head and face (occipital 
branch). 

c, 'J'he posterior or p7ibnonary arch; it runs to tlie 
root of the lung, giving off on its way a cutaneous 
branch whicli passes out to the integument of the 
trunk, and supplies most of the blood which is 
carried back by the great cutaneous vein. 

The dorsal aorta and its branches. 

Follow the aorta back; it will be found to run along 
the middle line beneath the vertebral column giving 
off in order 
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a. The ca’Iiaco-mesenteric artery^ to the alimentary 
organs; the cut end of this will be seen arising 
either at the point of union of the two aortic 
aichcs or, more generally, from the base of the 
left arch. 

Very rarely this is represented by distinct cocliac 
and mesenteric trunks. 

h. The renal arteries^ to the kidneys; variable in 
number, arising from the aorta as it passes between 
the kidneys. 

c. The genital arteries^ to the reproductive glands; 
usually arrjing from the anterior renal vessels. 

d. The inferior mesenteric artery; a small vessel 
arising far back and supplying the base of the 
large intestine. 

e. 'rhe common iliac arteries; arising as an apparent 
bifurcation of the dorsal aorta. 

Very rarely, tlie aorta is continued back, beyond 
the t)oint of origin of the above, as a delicate 
median sacral or caudal artery, 
a. The hypogastric arteries; arising, one on each 
Side, from the iliacs, just before they leave the 
body-cavil*; , and distributing branches to the 
urinary bladder and body-wall adjacent, 
o. The hepatic-portal system in detail. 

Pin a newly-killed Frog down upon its left side, 
and remove the body- wall and arm of the right one. 
Reflect the skin of the back and remove the genera- 
tive organs; dissect off the pericardium and liberate 
the right lung. Displace the alimentary canal 
turning the stomach •and liver forwards and the 
large intestine well back; and pin down underwater. 
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1. The hepatic portal vein will now be seen emerging 
from the head of the pancreas to enter the left 
lobe of the liver (cf. § 3); it is formed by the 
union of the following factors. 

a. The gast7‘ic vein ; bringing back the blood from 
the stomach. 

b. The superior 7nese/iteric vein : a very short vessel 
running tlirough the head of the pancreas and 
receiving 

a. The diunkfial vems; bringing in the blood 
from the duodenum and pancreas. • 

The How-intestinal vei7i ; formed by the union 
of the ileal from the ileum, the haonorrhoidal 
from the large intestine, and the splenic or 
lie7ial from the spleen. 

li. The c(eliaco-77iesetiteric artery may now be traced to 
its ultimate distribution. Its origin has been 
described at § 9 <7; it breaks up near the head of 
the pancreas into a and h, 

a. The cadiac artciy ; distributing branches to the 
stomach, liver and pancreas, 

I 

b. The superior 77iesenic7dc artery ; supplying the 
intestine and spleen. The branches of this 
vessel accompany the factors of the superior 
mesenteric vein. 

c. The uifcrior 77iesenteric artery ; arising from the 

dorsal aorta far back and supplying the base of 
the large intestine (cf. g 9 d), * 

iii. Remove the hinder dialf of the hip-girdle and the 
head of the femur. Scrape away the liver to the 



THE FROG. 89 

level of the vena cava inferior, and dissect aw ly 
the veins of the head. 

The dissection, as it now stands, presents a 
general view of the blood-vascular system; 
especially noticeable are the following. 

ii. The remr/ portal system (§ 4). The femoral and 

sciatic veins will be seen to be united by an 
anastomosing trunk, which encircles the outer 
side of the thigh and receives veins from the 
adjacent integument. 

b, d'he whole course of the cai'a inferior 

'(§ 5 )- 

c. The ao7'tic atxhes (g 8). Examine llicse wnth 
care; the middle one (aorta) may or may not 
be connected wdth the other two, one or botli 
Ijiit most generally with the carotid arcli, by a 
longitudinal cord-like ductus Botalli, 

That portion of the ductus which connects the 
aortic and pulmonary arches, and which is least 
constant in the Frog, is also known as the ductus 
arteriosus, » 

The anatomy of the heart. 

The examinifiion of the heart requires a good 
deal of care and the use of a lens of low magnifying 
power, and it may be gicatly fiicilitated by working 
as follows. In a chloroformed "Frog the heart is dis- 
tended with blood when it ceases to beat. When all 
signs of contractility have disappeared, the distended 
\ heart should be removed from the body together 
with the lungs and sufficient of the adjacent parts to 
leave the terminations^ of the great veins and the 
origins of the aortic trunks intact. The w^hole should 
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then be placed in tolerably strong spirit until tho- 
roughly set. 

When sufficiently liardened, remove the lungs and 
adjacent parts, so as to isolate the lieart ^.ogether 
with the cut ends of the great vessels. Examine as 
under. 

a. Ventral aspect. Work over the external charac- 
ters described in § i. 

h, jDorsal aspect. Note especially — 

a. The sinns renosiis ; spacious and elongated, 
receiving the three caval veins. 

/?. The a/rlian ; if the lieart be well distended a 
slight constriction will be seen subdividing 
this into a larger r%^/it auricle and a smaller 
left auricle, 

y. The pulmonary veins (cf. § 7 ) ; seen to con- 
verge immediately in front of the sinus ve- 
nosus, to enter the inner border of the left 
auricle. 

^ The sinu-auricular aperture ; seen on opening 
up tlie sinus venosus and remo*tang its con- 
tents. It communicates with the. cavity of 
the right auricle and is guarded liy two mem- 
branous flaps {sin u- auricular 7'alves), 

General dissiction from the froit. 

Pin down ventral surface uppermost, and dissect 
with great care, under water. Remove the front 
wall of the ventricle, atrium and truncus arteriosus, 
and lay open the bases of the aortic arches ; care- 
fully remove the coagulated blood Avhich fills them 
and wash clean. 



I.] THE FROG. 91 

a. The vent ride ; its single ventricular cavity and 
thick spongy wall. 

h. The aiiriculo-voitricular apcrtiire ; situated to 
the extreme left (right of the preparation) of the 
ventricle, and bounded by two auriculo-ven- 
Iricular valves. Raise the nearest of these, if 
not already removed, and dissect it away. 

r. The atrium ; its thin wall ; its sj^acious cavity 
completely subdivided into two chambers (r. and 
1. auricles) by a longitudinal inter-ain'iadar sep- 
'/am^ lyim well to the animal’s left side. Ex- 
amine the relations of this to the auriculo-ven- 
triciilar aperture; it is prolonged down on to 
the valves which guard it, subdividing it into 
two. 

a. The sinu-auricular aperture ; large and situ- 
ated near the middle of the right auricle im- 
mediately adjacent to the inter-auricular sep- 
tum. Note its valvular margins. 

/i. ^Tlre aperture of the fulmonary veins ; small 
and rounded, opening near the top of the 
left auricll*, close to the septum. 

y. The auriculo-venirieidar valve; note its cha- 
racters and mode of attachment. 

d. The irunciis a7ieriosus ; arising from tlie ex- 
treme right-hand corner of the ventricle and 
largely subdivided into two by a longitudinal 
valve (cf. p. 18). Examine the aortic arches 
in relation, passing; bristles into them ; they 
arise as under 
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a. The a//d caivtid arches ; from its an- 

terior end, immediately in front of the longi- 
tudinal septum, the calibre of the aortic arch 
being much the greater of the tw'o. 

ft. The pulmo7iary arches ; the pair arise by a 
single aperture lying immediately to the 
animal’s left of the anterior end of the longi- 
tudinal valve. 

iii. A companion dissection may be profitably made 
froiiVtlie left side, for general comparison with the 
foregoing, especially with respect to the relations 
of the auriculo-ventricular valves and inter- auricular 
septum. 

1 2. The circulation of the blood in the web of the foot. 

i. Get a piece of thin board, about 5 inches long and 
2 1 ' broad; in the middle of one end of it cut a 
V-shaped notch about the size of the expanded 
web : place the frog on the board, belly down- 
wards, and fix it by passing round it two or three 
lUrns of tape:*“next tie threads round the toes of 
one foot, and by means of them spread out tlie 
web over the notch, Uxkij'g great care that it is 
only \ ery lightly stretched. 'The animal should be 
kept moist by si)rcading a piece of wet blotting- 
paper overats back. 

ii. PLxamine the web with i inch obj.: Note — 

a. The black pigment’CcUs in the skin ; sometimes 
irregularly branched; sometimes more compact. 

b. The close netwotk of blood-vessels^ lying deeper 
than the pigment-bearing layer. 
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a. The arteries^ running mainly towards the free 
edge of the web, and constantly diminishing 
in size as they break up into branches ; the 
* blood-flovv, from larger to smaller branches. 
fi. The capilla7'ics^ in whicli the arterial branches 
end : small vessels forming a close network 
and frecj[uently branching or anastomosing 
without much alteration in calibre, 
y. The vcins^ formed by the ultimate union of 
the capillaries, and increasing -‘a size as they 
unite with one another ; the blood-flow, from 
smaller to larger factors. 

'The nature of the blood Jloiv ; the current is 
marked by the .solid bodies {corpuscles) carried 
along in the blood-fluid : it is most rapid in the 
arteries ; slowest, and most uniform, in the ca- 
])illaries. 

iii. Place a small drop of water on a bit of thin mica 
or of a thin cover-slip, and place the same, water 
downwards, gently on the web : then examine with 
} or obj, ; note — 

a, ^ The walls of arteries^ capillaries^ and reins. 

a. The arterial walls, tolerably thick, seen as a 
clear well-defined line on each side of the 
blood-stream. 

/?. The capillary walls ; difficult to see ; apparent 
as thin slightly transparent boundary lines, 
y. The venous walls ; much like the arterial. 

b. The blood-floiu in the small a7'teries. 

a. The rapid streettn in the middle, containing 
most of the red corpuscles. 
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{3. The slower stream along the edge (inerf 
layer) j containing many gianular-looking co- 
lourless corpuscles. 

r. The jflo7u in the capillaries ; miicli slovvir than In 
the arteries ; the frc(|uent distortion of the red 
corpuscles in the capillaries under pressure ; 
the elasticity of the corpuscles, as indicated by 
the readiness with which they recover their 
shai)e when the cause of distortion is removed ; 
the manner in which the white corpuscles creep 
along, and their tendency to stick to the capil- 
lary wall. 

J. The lymphatic system. The full study of this system 
is beyond the scope of this work ; the undermentioned 
may however be made out with comparative ease. 

a. The suh-cutaneous lymph-spaccs ; cf. Sect. C. 2 ./ 

A The cistenni iuag7ia ; cf. Sect. C. i. y. 

r. The clrcian-a^sophagcal lyjnpJi sinus ; a loose fold 
of mesentery embracing the base of the gullet, 
opalescent in appearance. It be^.omes exceed- 
ingly conspicuous if inflated, by introducing the 
point of a blow-pipe beneath the adjacent peri- 
toneum. 

d. The lymph-hearts ; small thin-walled sacs, paired 
and pulsatile ; to be sought for while still beat- 
ing, immediately on the death of the Frog. 
They are, on either side — 

a. The posterior ly7?iph’hcart ; to be seen on re- 
moving the slfin of the back, lying a short 
distance in advance of the cloacal aperture 
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and immediately in front of the pyriformi^ 
muscle (Sect. H. 5. c), 

ft. The anterior ly^nph-heart ; lying in an inter- 
space between the small muscles {intertrans- 
7'ersi) which pass between the transverse pro- 
cesses of the third and fourth vertebrae. Best 
seen on slitting open the body- wall ventro- 
laterally and cutting into the cisterna magna. 

The cartilaginous free end of the transverse 
process of the third vertebra is expanded (cf. 
Sect. G. 3c) for protection of the above. 

K. The nervous sysiem. 

I. The cerebrospinal axis and neural canal. Take a 
recently-killed frog and divide the skin along the 
dorsal middle line and reflect it on each side ; re- 
move the muscles which oveilie the arches of the 
vertebne, and open the neural canal as follows. Di- 
vide the membrane {veriebra-occipifal ligament) which 
passes between the ist vertebra and occiput; then 
introduce one blade of a small, but strong, pair of 
scissors into the cranial cavity, and cut away bit by 
bit thti bones which form the roof of the skull, 
taking care that die point of the scissors does not 
injure the brain. Next remove, in a similar manner, 
the tops of the vertebral ai'ches and the head of the 
urostyle. In all probability a chalky fluid will be 
met with clouding the water and concealing the un- 
derlying organs (secretion of the periganglionic glands 
^ P‘ 32); if so, wash carefully until clean. There 
will thus be exposed 

a, "Thet cerebrospinal fixis ; Ailing the greater part 
of the neural canal ; it can be resolved into 
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u. I'hc encephalon o?‘ brain ; that portion which 
lies within the cranium, its constituents in 
part paired. 

/L 'I'he niychm or spinal cord ; axial and lying 
within the neural canal of the vertebral 
column. 

Ifs form: wide in front, but narrowing ra- 
pidly about the 5th or 6th vertebra, and 
thence continued back as a slender tapering 
filum ter min ale. 

The groove {dorsal fissure) running along 
its middle line. 

77ie ijroesling membranes and the origin of the 
spinal ncri'cs. 

a. The pia mater ; a delicate densely pigmented 

membrane, investing the whole nervous axis. 
It is thickened and highly vascular above the 
hind portion of the brain {choroid plexus). 

/i. dura mater ; a similar but denser mem- 

brane lining the wall of the neural canal. 

y. The roots of the spinal ?ierics ; conspicuous in 
the case of the second and eighth and ninth 
pairs of nerves. The former are very stout, 
and pass out from the niyelon at right angles 
to the axis, to reach the arm : the latter are 
long and delicate, passing back on opposite 
sides of the hinder half of the myelon. 

Obtain a second Frog (preferably one hardened 
in alcohol) and Kiake a transverse section across 
the entire nervous axis and neural canal im- 
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mediately behind the above-named second spinal 
nerve. Examine in water, under a hand lens. 

a. The mycloii ; subdivided, dorsally and vent 

I rally, by median loJi^^itudinal Jissiires ; en- 

closing a small central ca?iaL 
p. 'Fhe ner 7 'e roofs : arising dorsally and venlrally, 
and ])assing outwards and downwards through 
the inter-vertebral foramina to form, on each 
side, the trunk of the nerve. The dorsal 
root bears an enlargement ox'i^anglion of the 
root, immediately on leaving the neural canal, 
y. d'hc ijrocsfiny; membranes (cf. supra) ; seen to 
merge into each other and the periosteum, in 
the vic inity of the inter-vertebral foramina. 

7hc anatomy of the Imiin. 

i. f’xpose from the dorsal aspect, as directed in § i, 
preferably in a frog which has been previously 
hardened in spirit. Examine in situ. 

The anterior half of the brain consists of two 
elongated masses, each .marked off by a slight 
traifsverse depression into a smaller anterior and 
;i larger posterior portion. 

a, I’he cerebral hemispheres (prosencephalon); the 
l)osterior of the above-named, separated by a 
deep cleft. 

b. 'fhe olfactory lobes (rhinencephalon) ; the anterior 
of the above-named, confluent with each other 
at their bases. Each passes into a rounded 
trunk (commonly termed the olfactory nerrje), 
which leaves the* skull, and ramifies in the 
lining membrane of the nose. 


M. 


7 
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'J'he thalavienccphalon : a thickened mass imme- 
diately posterior to the cerebral hemispheres. 
Note, in connection ^vilh it, 
a. Tlie ihalaini oNici ; its lateral walls, consti- 
tiitinc^ its main portion as here seen. 

/:? Its thin roof; trans])arent and very readily 
toin. 

y. 'i’he pineal ^Innd ; represented by a small 
pinkish body, lyini^ in the bay enclosed by 
the hinder ends of the hemispheres. 

d. d’he optic lohes {mesencephalon ) : a ])air of 
rounded eminences lyiim behind the thala- 
inencephalon. 

e. 'Lhe cerebellnm {meteneephalon ) : a narrow trans- 
verse band ne\t in order of succession. 

/. 'The medulla ohlones^ata {myeloncephalon): the por- 
tion of the brain lying behind the cerebellum 
and passing into the spinal cord. Its roof is 
covered by the choroid plexus (cf. i. b, a). 

ii. i divide the olfactory lobes, and raise tlie front end 
of the brain ; turning it baeJv gradually, divide willi 
a sharp scalpel any nerves that may be observed 
passing from it to the cranial walls ; most of these, 
being small, will jirobably be torn across unob- 
served, but the large optic nerves will at any 
late be seen, llemove the brain, together with 
a small portion of the spinal cord, and examine 
from the ventral aspect, 

a. The hemispheres Kind olfactory lobes (cf. supra). 
The outer walls of the latter arc thickened 
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ventral))' to form two cord-lilce tracts (^oentral 
roots of the olf lobes), 

h. T'he laniiwi tenn'umlis ; a median bilobed emi- 
nence, interposed between tlie bases of the 
liemispheres. 

'j'he optic lobes; seen to project laterally, be- 
hind the hemispheres. 

d. d'he optic tracts ; band-like masses arising in 
('onneclion with c ; that of tlie I ft side giving 
off the optic nerve to the right eye and vice 
• 7'Cf\\a. h'he interlacing of tlic two at the point 
of decussation, to form the optic chiasina, 

c. hying in tlie ventral middle line immediately 
beliind tlie o])tic cliiasma there will be seen, in 
tlie order named 

a. 'Ihe tuber clncrcuni ; a large tongue-shaped 
mass, biiobed posteriorly. 

/3. Tlie ififnndibulum ; a small stalk-like body 
giving attachment to 

y. pituitary body; a rounded pinkish mass 

(highly vascular in the fiesh state). 

• 

iii. Kxamine from one side (lateral aspect), and com- 
pare generally with i. and ii. 

iv. Slice away, with a small scalpel, the dorsal walls 
of the cerebral liemispheres and olfactory and optic 
lobes, and remove in like manner the greater por- 
tion of the cerebellum and roof of the thalamen- 
cejihalon. 'Fhe cent7’al cavities ve?it7‘icles will 
thus be laid bare; tfley can be resolved into two 
sets, as under : 


7—2 
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a. Median or axial (forward continuations of the 
central canal of the spinal cord); in order of 
succession from behind forwards — 

tt. fourth ventricle; longue-shaped -Hnd ex- 

panded in front ; enclosed by tlie medulla 
and cerebellum. 

The iter or aqueduct of Sylvius ; between and 
below the optic lobes. 

y. 'Flic third ventricle ; lying witliin the thala- 
mencephalon and bounded in front by the 
lamina tomiinalis (front wall of the median 
portion of the cerebro-spinal axis). 

b. Faired, 

a. The optic ve 7 iiricles ; lying within llie optic 
lobes and derivative of the iter. 

The lateral ventricles (central cavities of the 
hemispheres) in communication, on either 
side, with the third ventricle through a wide 
passage (^foramen of Afon?v), i^^ach is seen 
to lodge a thickened fold of pia-matcr (cho- 
roid plexus) whicli enters it immediately in 
front of the above-named foramen. (Cf. p. 27.) 
y. The olfactory ventricles ; forward prolongations 
of )8, extending into the bases of the olfactory 
lobes. 

V. Longitudinal vertical section. Obtain the brain of 
the largest frog accessible, and, when fully hard- 
ened in spirit, remove one half cutting to tie near 
side of the middle line. 

Examine in watef under a hand lens, and note 
the following 
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a. 'J'lic viedian ventricles (§ iv. a) ; note their limits 
and their relationships to the several constituents 
of the brain. Take especial note of the third 
ventricle ; its walls are modified as follows 

a. ]"ront wall ; greatly thickened to form the 
1(7 miner termina/is (iv. a, y). 

13. Roof ; tliin and delicate, prolonged upwards 
and forwards to give attachment to the ‘‘pineal 
body.’^ 

y. Its floor; for the most part thin prolonged 
downwards and backwards as the infimdibn- 
Iitm (ii. e. (3) to meet the pituitary body ; 
thickened at its middle around the optic 
chiasma (ii. d). 

2. 'The Joramen of Monro ; lying immediately 
above the lamina terminal is and large enough 
to admit a good-sized bristle. 

b. 'rhe commissures ; small but definite tracts passing 

between the opposite halves of the brain ; rela- 
tively whitish in colour. Look for their cut 
edges witli a powerful hand lens, as under— 

a. The J>o.sl>'rior commissure ; lying in the sub- 
stance of the roof, immediately in front of 
the optic lobe. 

The corpus callosum ; represented by a well- 
defined tract traversing the head of the lamina 
terminalis, immediately below and behind 
the foramen of Monro. 

y. The aritcrior commissure; smaller than the 
above and running through the middle of the 
lamina terminalis. 
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3- The spinal 7ierves, 

Pin a frog down upon its back and remove the 
ventral integument and body-wall, together with onc- 
half of ihe floor of the month. Carefully 
away the visc'era and dorsal aorta and remove the 
centri of the vertebine, (aitling well down to the level 
of the roots of the spinal nervc‘S. Wash, and exa- 
mine under water, 

a, d'he spinal cor J : in foim cylindiiral ; enlarged 
at the points of origin of the nerves for the 
limbs {Jirachial and 1 iinilo- sacral sioclli}r:^ii). 

iK 'The spinal nerves arising from it. Ten on each 
side ; the first one }\issing out between the 
first and se<'on(l vertebne, the last through the 
head of the iirostyle (cf. Sect. C. 2. d t). Ikieh 
leaves the neural canal behind that vertebra 
"with which it corres[)onds. 

a. ddieir origin \ eac'h aiising by two roots {an- 
terior and posteri(>r) as is most easily seen in 
the yih, 8th and 9th nerves, in which they are 
much the longt-r. Sometimes the libres of the 
anterior roots are bound up into* two or more 
fasciculi. 

3. J he direction of t/ieir roots: outwards in the 
anterior nerves; oblitpiely backwards in the 
4th, 5tri and 6th; almost directly backwards, 
and limning for a considerable distance in 
the ncuial canal, in the 7th, .Sih, and 
loth. 

y. 'J'lio of their dorsal roots (cf. § 1. c. /3) • 

very conspiciiotis in the 7th, 8th, and 9th i 
lying, for the most part, outside the spinal 
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canal and largely surrounded by the 
^^lionic glands (cf. p. 32). 

Distribiiiion of ike spinal ne 7 'ves. Follow this 
on one side. 

a. Tlie 1st ; examine it on that side upon whieli 
the floor of the mouth is retained. It passes 
at first outwards and then forwards and in- 
wards, bcneatli the mylohyoid muscle, to be 
distributed to the muscles of the tongue 
{hypoglossal ncrvc\ 

/?. 'fhe 2nd and 3rd; meeting, on a lev^el with 
the en 1 of the transverse process of the third 
vertebra, to form the brachial nerve. Follow 
it to the arm. 

y. The 4th, 5th, and 6th ; each forming a long 
trunk wliich pa-^ses back for a considerable 
distance, for distribution to the body wall 
and integument. 

(S. d'he 7th, 8th, and 9th ; running jKirallel with 
each other and the urostyle {Innibo-sacral 
plexus), and finally becoming bound together 
' to form the iliac nerve for distribution mainly 
to the li^nd limb. Follow this to the leg. 
d'his plexus is liable to variation. 

e. The Toth, a small nerve lying immediately 
internal to 8 and close- against the urostyle. 
It enters into connection with the lumbo 
sacral plexus, and is distributed to some of 
the lesser muscles of the posterior extremity 
and parts adjacent. 

Examine one •of the middle si)inal nerves 
with care, under a hand lens if necessary. 
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'rhcre will be found to arise immediately 
external to its [(ani;lion a small dorsal ramus ; 
note that this is distributed to the muscles 
and other i)arts of the body dorsal'ty, much as 
is llic main trunk or Tojitral ramus ventrally, 

4 * d'he cranial ficrrew 

The study of these may be greatly facilitated by 
placing the animal when dead in i per cent, chromic 
acid solution, the same to be fre{[iicntly changed 
until dci'alcilication is (!oni])Iete. "^i’his done ; wash 
well under running water and preserve in methylated 
spirit, slightly dilute. * 

Dissect trom the ventral aspect as directed at 3, 
lea\ing the floor c)f the month intac t. 

a. 1 he 9/// or !iiliKsso/dia?yno^'a/ nerve. Its trank : 
seen, 011 removing the middle portion of the 
myloh)oid muscle (Sect. il. c, y) lying immedi- 
ately external to that of the hypoglossal nerve 
(§ 3- hranclics^ seen, on dissecting the 

gemo-hyoid, to be distributed to the tongue and 
some of its muscles. 

u. Remove the floor of the mouth together with the 
iieait and gullet, leaving the^mandihle and a small 
portion of the myhfliyoid muscle on one side. 
Raise the mucous membrane of the roof of tlie 
mouth with-foreeps and dissect it away with the 
utmost care, being especially cautious to avoid re 
moving certain nerves which lie in close appo- 
sition wall It. Next slice away the floor of the 
cramum and auditory capsules so as to expose 
their internal cavities ; w^ash clean and examine 
m water under a hand lens. 
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a, Tlie \st or olfactory nerve ; passing forwards in 
front (cf. § 2. b). Remove the vomer of one 
side and cut down to its level, following it out ; 
ir will he seen to ramify on the base of the ol- 
factory sac. 

/^ The 2nd or of tic nerve ; arising from the optic 
rhiasma 2. d) \ it runs forwards and upwards 
to enter the eye-ball from below. 

t'. 'The y d or ocnlo-motor 7 ierve (described, in com- 
mon with the 4th and 6th, in connection with 
#the eye-muscles. Sect. I.. 3. }). 116). 

d. The 5/// or trigeminal nerve. Remove the eye- 
ball on one side; lying internally to it, deeply 
seated and in close apposition with the cranial 
wall, will be seen the ophthalmic or orl)itO'7iasal 
nc)‘vc (ist division of the 5th) ; trace it back, it 
will be found to enter, immediately internal to 
the front end of the auditory capsule - 

a. the Gas^eria 7 i y;a 7 ve,lion ; a comj:)aratively large 
oval pigmented body, seen to be in con- 
^nection with other nerves also. 

/ 3 . The 7 na:\Vlo- 7 nandibular 7ic7tc ; arising from 
a and passing outwards immediately be- 
hind the eye. It early subdivides into the 
two following ; the 7na7idihnlar 7 ie 7 'vc (3rd 
division of the 5th) to the lower jaw and its 
integument (follow it on that side in which 
these still remain) ; the maxillary 7 te 7 ‘i^c (2nd 
division of the 5th) seen, on removing the 
hinder third of tlfc uj)per jaw, to be somewhat 
similarly distributed to the maxillary region. 
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y. I'he ophthalmic or orhifo-nasal ; its distribu- 
tion may now be stiidicil by turning tlie animal 
over and examining from llie dorsal as})ect. 
Remove tlie nasal and s})henclHmoid bones 
to its level ; and note its branches to the 
antero dorsal integument of the lieail. 

Tlie 7/// or facial ; intimately connected with 
the (lasserian ganglion and the trigeminal. I'.x- 
amine it, from the ventral as])ec:t, on that side 
at -which the eye lemains. 

a. Its root : arising, side by side with.that of the 
51)1, horn the side wall of the medulla; the 
two entering the (lasseiian ganglion. 

/i. Its anteri()r {palatine ncrrc)\ leaving 

the (jasseiian ganglion immediately external 
to the o|)hthalmic branch of the 5th, and 
passing forwards, perforating the vomer, to be 
distiibuted to the mucous membrane of the 
roof of the mouth. 

y. Ihe maxillo-palafinc commissure : conned ing 
tne i)alatine ami m.axillary nervt^s; on a level 
with the front end of the eye-hall. 

S. 'riio iK^sterior Ijraiu h of Hie 7th; leaving the 
outer bicic of tlie Classcrian ganglion, im- 
mediately liclimd the maxillo-mandihular 
nerve, and passing outwards and backwards 
dorsal to the (■oliunclla auris (beneath it as 
here seen). Its distribution may l,est he 
studied later. • 

Ihe ^)ih and \ otk(,i>od-auditonnerves)-, arisin<r 
close together from the medulla ].osteriorly to 
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the 5tli and 7th, and passing behind the auditory 
capsule, much as do the 5th and 7th in front of 
it. 

The lof/i or p 7 ieumogasinc (T'agns)\ its cut 
end will alone be seen. Soon after leaving the 
skull it bears a large ganglion tnuici vagi). 
/ 3 . The 9/// or glossopharyngeal ; it arises im- 
mediately in front of a, and is largely con- 
fluent willi the above-named ganglion. It 
is commissiirally connected with the posterior 
branch of the 7th {cojuniissitra ad facialem). 
Its di^ "ribution has been studied (§ i. a). 

g. 'The Sili or anditofy ; arising from the medulla 
along w'ith the 7th, part of which it appears 
to be. Dissect to its level and trace it into the 
auditory capsule. 

5. The sy in pathetic system. 

Dissect from the ventral aspect as before, but 
leave the aorta, the cut end of the coeliaco-rne- 
senteric artery and the base of the large intestine 
wuth tjie bladder, in ])lace. On raising the aoita 
the sympathetic will be found immediately beneath 
(dorsal to) it. * 

a. The main trunk of the sympathetic ; paired and 
longitudinal, accompanying the arches and trunk 
of the aorta. 

b. The splanchnic nerve ; arising from a at the point 
of junction of the aortic arches and accompanying 
the coeliaco-mesentcric artery. 

e. The sympathetic ganfflia ; enlargements on a^ vari- 
able in size and number ; usually one for each 
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■Spinal nerve, llest seen on turning the aorta to 
one side. 

d, '^riic rami commnnica}itt's ; relatively, long com- 
missures between c and the trunks of tlie s])inal 
nerves. 

'i he di^frihutioJ! of the sympatlictir ; best studied 
in tlie ixdvie region, and rendered the more 
( onspicuous if a little acetic acid be added to 
the water. Wiso-motor nerves; arismg from the 
gaaigtia and jia^sing to the aorta. I'lseero-niotor 
nerves ; seen to arise from both sympathetic and 
liimbo-sac ral i)le\us for distribution to the pclvit' 
viscera. 

f, d'hc rraniid sympafhetie. Remove the aortic arches 
with ('are and follow the sympathetic forwards, 
dissecting as at >5 4. ii. With a little care the above 
can be trac'ed to the (lasserian ganglion; passing 
internally to the auditory ('apsule and entering 
into connection, en route^ with the post-auditory 
nerves. 

0. d'l'.e furiher iOur:se of the faeial and mi nerves 
(7 til and loth cranial). 

Pin a frog down upon its side and remove the 
integument of the head, together with the arm and 
shoulder-girdlp and body-wall adjacent. Ptill down 
the stomach and pin it back, so as to put the me- 
sentery on the stretch and fully to expose the near 
lung and the heart. 

(/. Note the course of the mandibular nerve (§ 4. 
d, /?). It will be* seen to run backwaids and 
downiyards immediately in front of the scmamosal 
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and under the jugal, to reach the outer side of 
the mandible. 

The facial fierve. Its hyoid branch ; seen on dis- 
secting away the membrana tympani and outer 
end of the columella auris. It leaves tlie skull 
immediately behind the sciuamosal and passes 
downwards and backwards, giving off — 
a. A small branch to the integument of the cheek 
(in close apposition with the jugal bone). 

A maiidibulo-hyoid branch ; contihued along the 
. inner fare of the mandible, and giving off nerves 
to tlie muscles and skin adjacent. (Be careful 
not to confuse these with the branches of the 
mandibular nerve.) 

u 'rhe 9 th and i 2 (h (cf. § 4 ); the former will be 
seen to pass internally, the latter externally, to 
the anterior cornu of the hyoitl. Remove the 
hypoglossal with care, thus laying bare--— 

d. The loth {vagus). Seen to pass downwards and 
backwards, externally to the posterior cornu of 
thc*hyoid. At the side of the gullet it breaks up 

into the under-mentioned 

• 

a. The gastric 7'ami ; two or more in number, dis- 
tributed to the stomach. They pass through 
the so-called diaphragm. 

p. The fulmona7y 7'a77ius, to the lung; accom- 
panying the pulmonary artery. 

« y. T’he cardiac ra7nuSy to the heart ; arising in 
front of P and coursing along the dorsal wall 
of the atrium. (Sympathetic fibres are bound 
up with this, if not with a and p.) 
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8. The recurrent Iary?igea! ; a long nerve arising in 
front of and above a ~y and coursing round the 
base of the ])ulmonary aortic arch to reach the 
larynx. 

I. d'iie dorsal ramus ; arising from the main trunk 
immediately after it leaves the skull, and dis 
Iributed to the adjacent dorsal integument. 

Incidental, 

a. 'J'he course of the 5t]i and yth (cd’ 4. ii. d. c . 
et se{|.). Remo\e the e)e and the S([uamosal 
and (luadrato- jugal bones and follow the course 
of the above nerves, as seen from the side. 

Note especially the relations of the 5th to the 
mouth-i'avity and of the 7th to the tympano- 
iMistachian })assage (Eustachian recess). Sec 
pp. 28, 29. 

/i. 'Ehe sympatliedc. Note esi)ecially the further 
course of the splanchnic nerve (§ 5. /?). It 
beats a large ganglion in close ])roximity with 
the (xeliaco-mesenteric arteiy; add a little acetic 
acid • ollhhoots wiW be fv>und to pj^oceed from it 
to the alimentary canal, ac companying, at their 
outset, the branches of flie artery. 

L. The anatomy of the sense organs. 

1. The gustatoiV organ. 

I'lie sliape and arrangement of the tongue Iiavc 
already been described (.Sect. K § i d). Snip off a 
bit of mucous membrane from the upper suriiicc of 
the tongue of a recently killed frog, mount in salt 
solution and cover in plenty of the fluid with a lar-re 
covershp ; e.xamine with one inch obj. ° 
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a. On ihc surface of the fragment and especially 
around its edges numerous minute elevations will 
be seen : these are the papillce : some {fiIifor?n 
papilhc) are pointed at the free end and others 
{fitngiform papilhc) are flattened. Note the loops 
which the blood capillaries make in many of them, 

b, Examine one of the thinner bits of the specimen 
with a high power : a flickering motion, due to 
tlie presence of ciUa^ will be observed. Some of 
the papillie however will be seen to. have no cilia 
except a narrow belt around the somewhat trun- 
cated ap ‘X : it is on these that tlie pistatory discs 
are placed, and in fortunate specimens nerve- 
fibres can be seen entering them. 

The olfactory organ. 

The general relations of this have already been 

described (Sects. A and h^). 

a. Take a frog which has ])een preserved in spirit ; 
insert the i)oint of a small pair of scissors into the 
external nostril of one side and cut away the roof 
of t^ie nasal cavity. A chamber is thus exposed 
which has a somewhat triangular form, its apex 
being aii tenor.® 

a. The walls of the c'avity are slightly folded, and 
there is a well-marked hemispherical eminence 
on its floor which overlies the vomer. 

The poslcrior nostril ; situated some distance in 
front of the hinder boundary of the nasal sac 
(i.c. the sac is prolonged back behind it). 

b. Open the other nasal^:avity in a similar way ; 

a. The septum tiarium; a median longitudinal par- 
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titlon separating the apposed sacs of opposite 
sides. 

/?. The l^oundarics of the olfactory organ. It lies 
within an area enclosed by the premiycilla and 
front end of the maxilla and the palatine bones, 
being wholly in front of the latter. 

Obtain a second frog, and lay open the olfactory 
sac from tlie side, cutting oblkiuely from the 
anterior nostril across the outer anterior border of 
ihe -eyeball, in order that the line of section may 
j)ass through both anterior and j)osterior nares. 

a. GencraL Cf. supra. 

/i. T1ie nostril ; its upper lip, relatively 

small and constricted ; its lower lip, produced 
antero-laterally into a deep fold around the ali- 
nasal cartilage (cf. Sect G. 5. a, c). 

The visual organ. 

GencraL 

Take an uninjured frog and examine its eye. It will 
be found to project considerably above the top of 
die head, but if touched it is withdrawn into a sort 
of socket. If the animal’s ^nouth be opened, a de- 
pression, caused by the eye-ball, will be seen on its 
roof, and this is more prominent when the eye is re- 
tracted. Wilson the eye is open observe from without. 

a, li\\Q. eyelids ; folds of skin developed round the 
margin of the eye-ball. The vpper lid is thick 
and swollen, the loii^cr lid thin and transparent. 

(}cntly touch the eye and observe that it is 
closed, by the pulling over it of the lower eye- 
lid. The upper lid is hardly moveable. 
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b. When the eye is open, observe the following — 

rt. The cornea ; the transparent covering for its 
exposed surface. 

•/I Hie /;7>, a membrane, seen through coloured 
by brown and golden pigment, the latter form- 
ing a very brilliant ring around its inner 
margin. Below it is interrupted by a faint 
dark line which can be traced downwards 
through the whole iris. 

y. The pupil ; elliptical and lying witliin the 
iris, its long axis directed antero-posteriorly. 

ii. The eye-muscles and their nerves. The^e can be 
most satisfactorily made out, notwithstanding llieir 
small .si/e, in a frog preserved in chromic acid as 
directed in Sect. K. 4. Examine under a hand 
lens. 

a. Doruil aspect, Remo\ e tlie head from the body, 
cutting well back so as to include the first two 
vertebne, and pin down in as small a dish as 
may be convenient. Dissect off the integument 
of* the top of the head together with the upper 
eyelids, but Jie very careful to leave the lower 
lids uninjured. 

a. 'Die eyeball ; completely filling the orbit. 
fj. The supcj-ior oblique muscle; ribbon-shaped 
and passing obliquely forwards between the 
an tero-dorsal face of a, and the orbit, 
y. d'he supe7Hor rectus ; a trifle larger than 
and arising from the dorsal face of the eye- 
ball. It passes Imckwards and inwards, to be 
attached to the cranial wall 


8 
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'The 4/// cranial nerve (;/. pafheiicus) ; seen, on 
slightly pulling the eye-ball outwards, skirting 
the inner wall of the orbit to reach the su- 
])crior oblicpie muscle. 

'rhe cranial nerve (oculomotor'). i\ oranch 
of this may be seen breaking up in the 
superior rectus muscle, if that be cut across 
near its point of attachment to the eye-ball 
and turned back. 

/rhe lower eyelid : follow it forwards, it will be 
found to be contimioiis with a strong tendon 
which passes through a loop immediately ex- 
ternal to the superior obliciue muscle. 

Central aspect, ''rurn the head over and ])in 
dow'ii ventral surface up])ermost ; remove the 
entire lower jaw' and lloor of the mouth, and 
dissect off the mucous membrane of ils roof 
with care. 

The levator hulhi muscle; a slicct-like mass 
underlying (overlying as seen) the whole eye- 
ball; ils fibres pass obliquely outwairds and 
bac'kw'ards. 

C-omparc a transv^M-se section such as is de- 
scribed at Sect. C. 3. The libres will be found 
to pass between the upper jaw and the in- 
tcrual dorsal wall of the orbit. 

I'he inferior oblique ; a small muscle passing 
upwards and inw^ards betwx'cn the antero- 
internal face of the eye-ball and the or^it. 
The Ilarderian gland ; a nodular mass im- 
mediately beliond interposed betw'een the 
eye-ball and orbit. 
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3. The 7rcti muscles other than the superior 
one 3 seen on removal of the levator bulbi, 
to converge postero-internally. The inferior 
rectus^ arising from the ventral face of the eye- 
ball and passing obliquely backwards ; the 
external rectus^ arising from its posterior face 
and passing inwards and upwards ; the in- 
ternal rectus^ arising in front under cover of 
the inferior oblique, and passing backwards 
along the inner face of the eye-ball. 

e. The (ocnlo/noto7') nerve ; seen to break up, 
immediately in front of the superior rectus, 
for distribution to and 3. with the excep- 
tion of the external rectus. 

C The Gth cranial nerve (n. ahducens), A small 
muscle {pterygoid) will be seen lying in the 
posterior region of the orliit; remove this and 
lay bare the Gasserian ganglion if K.p. 105); 
the 6th nerve will be found ])assing from the 
outer face of the latter to the postcro-ventral 
border of the external rectus. It is very 
short and may best be seen by gently drawing 
the muscle forwards. 

Tlie retractor hulbi niuscle ; a considerable 
mass of tissue, seen, on Removing and 8. 
It surrounds the optic nerve. 

0. The tendofi of the lower lid (Cf. a. ^.) ; shining 
and thread-like, passing round and intimately 
connected with the outer edge of r;. It is 
inserted behind i#to the adjacent integument. 

A The origins of the ^rd, ^th and 6th cranial nerves, 

8—2 
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1. ay bare the ccrcbro-spinal axis from llie ventral 
aspect, as direcled in Sect. K. § 3, and expose 
the (iasserian ganglion with the utmost care. 

a. TI1C 3;v/ {oculomotor^ nerve ; arising, 8n each 
side, from tlie ventral surface of tlic brain on 
a level with the j)itiiitary body. Tt passes up- 
wards and outwards to leave tlie skull in 
front of tlie 5th nerve (cf. p. 67, vi.). 

p. T1ie 6 / 7 / ?icr 7 *cs (//. abduce ntes) \ extremely 
delicate, aiising close togellier in the middle 
line from the floor of the medulla, on a level 
with the 9th and icth. Each passes upwards 
and outwards along with the trunk of the 
5lh to enter the (lasseiian ganglion. 

y. "Ihe .\th (;/. patJiciicus)\ best seen on re- 
moving one optic nerve and turning the brain 
a little to one side. It leaves the dorsal sur- 
face of the brain in front of the cerebellum; 
and passes upwards and forwards to leave the 
skull abo\e and in front of the optic nerve 
(cf. p. 67, vii.). 

iii. Tho structure of the eye-%all. Obtain a frcslily- 
killcd froy and remove the head from the trunk ; 
bisect the former longitudinally and examine the 
eye-ball wlule still in position, as under. 

IMakc two sections j that of one side (a.) to 
bisect the eye-ball transversely to the long axis of 
the body (to pass througli tlie crystalline fens if 
possible) ; that of the other {b.) to bisect it equa- 
torially, at right aifgles to a. Examine under a 
hand-lens. 
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Section a. 

i. Examine liigh and dry and note — 

a. The eye-ball ; firm and resistant, enclosing a 
central cavity. 

y8. The crystalline lens; a relatively large transparent 
body filling a considerable portion of a, globular, 
its outer face somewhat flattened. It is held 
firmly in position. 

y. The vitreous or i//;;er cliamhcr ; that portion of 
tlic cavity of the eye-ball internal to the lens. 
It is filled with a dense gelatinous vitreous 
humour^ which may be raised cn masse with a 
forceps. 

8. The aqueous or outer elia?nbcr ; relatively much 
smaller than y. and external to the lens. It 
lodges a more fluid aqueous humour, 

ii. Dissect the inner portion, under water, to the level 
of the optic nerve, so as to git the same Into 
longitudinal section. Examine the coats of the 
eye, following their cut edges. 

a. The sclerotic; the outermost coat, dense and 
cartilaginoiis ; it serves to give consistency to 
the whole and to furnish attachment for the 
muscles. Externally it is continued over the 
outer face of the eye-ball as the thin and trans- 
parent cornea ; internally it forms the sheath of 
the optic nerve. 

fi. The choroid ; internal to a^ vascular and spongy 
and blackened by pigment. It is prolonged 
forwards in front® of the lens to form the iris 
(cf. § I. b). 
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y. The retina; a thin filmy layer, greyish and 
transparent, internal to p. It stops short at 
the base of the iris {ora serrata) \ internally it 
passes into the optic nerve. 

If the vitreous humour be much disturbed this 
layer will be puckered and tom, or otherwise 
displaced. 

8 . The conjunctiva and eyelids (cf. Sect. C. § 3 . d,). 
The former can only be distinguished from the 
( ornea with difliculty. 


Section Ik 

i. J'X'ainine the inner half from within, under water. 

a. 'J'he retina, (lently raise it; it will be found to 
adhere firmly at the )>oint of entrance of the 
optic nerve {blind spot). Note llie position of 
same. 

p. The choroid ; strip off the whole retina and ex- 
amine this, noting its texture and great vas- 
cularity. 

y. The sclerotic; examine this in like manner, 
after having removed p. • 

ii. blxamine the outer half ^rom within, and note 
especially the relations of the lens and ins. 

4. The auditory; organ. 

a. Examine the tympanic membrane from the outside 
(cf. Sect. A. a, p.). Dissect off its outer or ‘tegu- 
mentary layer’; there will thus be brouLdit into 
view : 

a. The annulus tyjnpa7iicus ; a cartilaginous rin^ 
supporting the edge of the membrane. 
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/?. The columella auris ; its head will be seen 
as an opacjne white patch in the middle of the 
deeper layers of the tympanic membrane, Jiow 
laid bare. Cut away the latter around it and 
note its relations to the Eustachian freess (Sect. 
K.). Follow the cut edge of the mucous menv 
branc ; it will be found to wrap round the 
columella, suspending it much as the mesentery 
suspends the alimentary canal (i.c. the columella 
is outside it). 

'I'he internal car. Remove the skin from the top 
of tlie head of a large frog which has been pre- 
served in alcohol, and scrape the roof of the 
auditory caj^sules quite clean. Isolate the capsule 
of one side and hold it between the finger and 
thumb of the left hand. If examined with care, a 
couple of greyish streaks will be seen on the inner 
side of its roof, diverging outwards. Carefully 
slice away the bone, being especially cautious to 
cut (piite superficially along these streaks ; there 
will thus be laid bare : 

a. 'Fhe cavity of the internal ear ; enclosed on all 
sides by ihg auditory capsule and filled with a 
fluid {perilymph). 

/i. ddie nienibranous labyrinth ; a portion of this is 
now visible as two delicate pigmented canals, 
coincident in position with the divergent streaks 
afore-named. 

c% Still holding the capsule as before, slice away, 
bit by bit, its outer wall and the remainder of its 
roof. A third memBranous canal wall be seen on 
the outer side ; when this is liberated, transfer the 
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whole to a watch-glass or small vessel filled with 
water (preferably one having a white bottom). The 
memhrmioiis labyrinth will probably float out ; if 
not, it may be liberated with a camel’s hajr brush. 
It consists of a greyish pigmented structure of the 
size of a small pea ; Note 

'The vestibule; sac-like and constricted into 
two — an upjier portion or utricidus^ and a Iow(T 
one or sacculus. It is largely filled duiing life 
by^a milk-white otolitJiie mass. 

/I. 'The semtcircular canals ; tlirce in number and 
<onnc('tcd with tlie utriculus. d'he anterior 
and posterior vertical canals, the two divergent 
ones referred to at b ; their inner ends unite 
before entering the utriculus. 'I'he horizontal 
canal ; situated externally, on a level with tlie 
bases of the other two. 

y. 'fhe anipiilLc ; enlargements of the bases of the 
canals. J hose ot the anterior and horizontal 
canals arc situated close logetlier at the anterior 
end of the utriculus. 

r>. 'J’he ultimate ramifications of the auditory nen'c ; 
visible on the inner face of the labyrinth. 

d. General dissection of the -whole auditory orqan. 
Obtain the* head of a frog which has lieen pre- 
served in spirit, and dissect from behind. 

Scrape the occipital region of the skull quite 
clean and then pin the whole down under ivater. 
Carefully remove the wall of the auditory capsule 
—externally, to the^levcl of the columella auris-- 
internally, to that of the auditory nerve ; cut away 
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the hinder half of the tympanic membrane, to the 
level of the head of the columella. 

Work over the mutual relations of the following, 
all of which have been iDreviously described. 

a. The columella auris; to the tympanic membrane 
and fenestra ovalis. 

/?. incmhraijous labyrinth ; to the periotic cap- 

sule and its enclosed cavity. 

y. The auditory nerve ; to the inenibranous laby- 
rinth and brain. 

S, The Eustachian recess; to the mouth cavity, 
and that of its lining membrane to the colu- 
mella. 

€, The annulus tyhipanieus ; to the membrana 
tympani. 

M, Histology. 

In the undermentioned directions, the reagents which 
may preferably be employed in each case are alone 
enumerated ; details as to preparation and methods 
of treatment will be found in the Appendix. 

r. The blood. 

a. Freshly drawn blood. Obtain a drop of the same 
from a freshly-killed frog, and examine with a 
low power, under a cover-glass. 

a. The plasma ; thin, watery and colourless. 

/i. The corpuscles; exceedingly numerous solid 
bodies, freely suspended in a. Two kinds will 
be seen : larger and more numerous red cor- 
puscles ; smaller afid less numerous ivhite cor^- 
puscles, irregular in shape, greyish in colour, and 
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about ?j the size of the red ones. Examine 
under a high power. 

/f. The red corpuscles, 

a. Their form ; oval when seen cii facej 

linear in ])rofilc but slightly swollen at the 
centre. 

/?. Their size ; their length, breadth, and thickness ; 
niea.^ure. 

y. '/heir colour ; pale yellow, when seen indivi- 
dually; leclder when seen in the aggregate. 

i. Their slruclnre ; homogeneous for the most part, 
but possessed of acentral oval or rounded nucleus. 

'Treat with water; they swell up and become 
moui spherical; their colouring matter {Juemo- 
<e,iobi}i) is gradually dissolved out, leaving be 
hind a colourless proloplasm. The nucleus is 
rendered very evident, and ultimately all the 
rest of the corpuscle disaj^pears. 

C- Treat with dilute acetic acid; results same as 
with water, but produced more rapidly. 

7/. 'ITeat with alcohol and borax-carmine suc- 
cessively. The niicleiA stains with great in- 
tensity, the rest of the corpuscle remaining un- 
affected. 

c. 27ie white corpuscles. 

Obtain a drop of Iresh blood and examine as be- 
fore under your highest po^vei-. 

a. Their form; very irregular, the surkice being 
produced out in4o a number of blunted pro- 
cesses or pseudopodia. 
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Their movements; best seen if the slide be 
gently warmed, by contact with a lighted match 
or other heating agent. They creep about in a 
sluggish manner through the agency of the 
above-named pseudopodia (amxboid movement), 
y. Their size ; cf. generally with the red corpuscles. 
Their structure ; granular centrally, clear and 
transparent peripherally : usually lodging one 
or more clear round nuclei. 

Treat with acetic acid and magenta ; the nucleus 
alone will be stained. It will be found to lodge 
one or more small granular bodies {nucleoli), 
d, 77ie microcytes. Very small bodies, for the most 
part colourless, freely suspended in the plasma : 
in shape variable ; generally fusiform or ovoidal, 
more rarely irregular. 

<*. Coagulating blood. Allow a drop of blood to 
coagulate upon a glass slide, taking care that it 
does not dry up. Examine under a high power, 
a. The plasma ; transformed into a colourless fluid 
(serum) which is permeated by well-defined and 
cdagulate fibf'ui filaments. Note the course of 
the latter ; tfeey radiate from numerous foci and 
anatomose irregularly. 

The corpuscles ; the red ones show' a marked 
tendency to arrange themselves along the lines 
of coagulation; the white ones are largely to be 
found, together with microcytes, in the foci of 
^ the fibrin filaments. 

2. Epithelia. 

An epithelium consisls of a layer of cells which 
lines or invests a free surface : the e])idermis cover- 
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ing the skin and the epithelium of the alimentary 
canal, with which it is continuous at the buccal and 
rloacal orifices, may be cited as examples. There 
are several main types of epithelium, viz.— 

a, Ciliaii'd epiihcUuvu Gently scrape the mucous 
membrane of the tongue or roof of the mouth of 
a recently- killed frog and transfer that which is 
obtained to a slide ; mount in salt solution, avoiding 
jjressure, and examine under a high i)Ower. 
a. 'llie cells : occurring singly or in aggregates. A 
shimmering appearance {ciliary actio?i) will be 
seen along their free edges, ])roduccd by tlie 
rapidly moving cilia. 

As the cilia die their movements slacken. 
Watch an individual ( ilium as this happens ; it 
moves in a definite direction from a point of 
rest and does not oscillate. 

Idncc a freshly-killed frog upon its back and 
open the mouth to its utmost. If a fragment of 
pitli or cork he placed on the roof of the mouth, 
it will be carried back to the gullet by the action 
of the cilia. 

ft. 'The cell pjotoplasm. ^itain willi eosin or ma- 
genta, and examine the individual cells. Shape ; 
battened at the free surface, rounded or elongated 
at the base. Struciure ; granular for the most 
part {e?uloplasni) ; clear and transparent peri- 
jiherally {ectoplasm), especially so at the free 
border. Nucleus ; usually central and rounded, 
containing one or more nucleoli. 

1). Columuar epicheUlhn. Scrape gently the inner 
surface of the mucous membrane of the intestine 



THE FROG. 125 

of a frog, and mount the detached fragments in 
water. Examine with a high power. 

Numerous elongated cells will be seen, some- 
what resembling those of tlie ciliated epithelium 
in shape, but more uniform in size. Each is 
flat at one end and somewhat pointed at the 
other, and has a well-marked oval nucleus. 
Not unfrequently aggregates of them may be 
seen : look for such, and note that the cells 
are closely applied and arranged in a single 
layer. 

Goblet cells ; scattered among a; characterised 
by the ])resence of a watery-looking globule 
(jniicus drop) which distends the free end or 
greater part of the cell body. Note the position 
of the nucleus. 

Scaly or tesselated cpillieliiini. Open the body 
cavity of a recently-killed frog ; carefully remove 
the viscera and lay bare the cisterna magna. Cut 
away its thin wall as carefully as possible, taking 
great care not to drag or pull it. Place the frag- 
ment in o-5j} solution of silver nitrate for three 
minutes or linger : then remove, wash well in 
distilled water, and finally leave the specimen in 
the same fully exposed to the sunlight. When it 
has assumed a well-marked'' brown colour stain 
Avith eosin or haimatoxylin and examine with a 
high j^ower. 

The matrix (intercellular cementing substance ) ; 
rendered highly conspicuous as a network of 
black lines, irrcgfilarly disposed on the free 
surfaces of the mesentery. 
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[I 'Lhc cd/s ; flattened and close fitting ; irregular 
in outline, as may be seen on following a, 

y. The cell slritcUire ; protoplasm differentiated into 
ecto- and endoplasm (cf. supra) ; nucleufi central, 
oval or rounded. 

0. Look for lymph stojuaia ; perforations of the 
)nembrane, each surrounded by small more 
dee])ly stained cells. 

(/. Stratified ip if helium ; sec epidermis § 15. iii. 

Connective tissue. 

Of these there are two main varieties, a. and A 

a. White fibrous tissue. This occurs typically in 
tendons, but is widely distributed throughout the 
body, mixed with other tissues, 'i ease out a bit of 
fresh tendon in water : examine with a high power. 

It is chiefly made up of very fine wa\y fibres 
which, in the aggregate, impart a glistening 
while colour to the tissue {white fibres') 3 they 
run in bundles parallel to one another and do 
not branch. 

ft. Treat with dilute acetic acid. Mo?t of the above 
disappear, but a few uiell-defincd curled fibres 
{yelloicf elastic fibres) remain. Besides these 
some small elongated and granular proto- 
plasmic • masses are brought into view {cou- 
ncctive-tissuc corpiiseles), 

b. Areolar tissue. J.ay bare the muscles of the hind- 
limb ; sheets of areolar tissue will be seen passing 
between them and the integument. Remove one 
of these, being caftful to avoid undue stretching 
and transfer to a slide: examine in water. 
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a. White fibres ; more or less numerous and dis- 
posed in wavy bundles. 

/3. 'rhe matrix ; a transparent imbedding mass, of 
* sulllcient density to resist the pressure of the 
cover-slip. 

y. The^r//d?7r/ clastic fibres {a. ji.). Treat with acetic 
acid; the white fibres disappear, the yellow 
ones remaining. Note that they occur singly 
nnd anastomose, taking a very irregular course. 

3. Stain wilh magenta. The yellow fibres stain 
slowly but intensely; their torn ends will fre- 
q ’cntly be seen rolled into a s})iral or other- 
wise contorted, as the result of their elasticity. 

The coiinectivc-tissue corpuscles; small nu- 
cleated cells, variable in size and shape, scat- 
tered throughout the whole. 

Sul)mit a piece of areolar tissue to the action of 
silver nitrate solution as directed for the tesselated 
epithelium (§ 2 . c.). When it has assumed a deep 
brown colour, examine in weak glycerine under a 
high* power. 

a. "J’he matrix^/, stained a rich brown, having 
reduc ed the silver salt, as did the cementing sub- 
stance of the epithelium. 

The coimectivc-tissue corpuscles; little if at all 
stained, appearing as a series of irregular white 
patches {cell spaces). Examine these wuth care ; 

, each is an irregular branching corpuscle, generally 
in organic continuity with one or more of its 
fellows (i.e. the \^iole tissue is permeated by 
protoplasmic matter). 
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4. Hyaline cartilage. 

Dissect out the xiphisternal cartilage of a recently- 
killed frog and remove its membranous investment 
{pcrichonJriimi ) ; mount in salt solution and examine 
under a high power. 

a. 'I1ie matrix ; dense, structureless or finely granu- 
lated. 

h. The cariilii^^e corpusjes ; large cells occurring singly, 

or in sets of two’s to four’s, their apposed faces 
being flattened. Ii^xaminc the individual cells. 

a. Cdl protoplasm ; finely granulated and usually 

containing one or many minute refractive par- 
ticles {fat drops), 

p. Nucleus ; round and sharply defined, containing 
a variable number of nucleoli, d'wo nuclei may 
not unfre^iuently be present. 

7. If the preparation be made and examined soon 
after death each cell will completely fill the 
cavity of the matrix in which it lies: but if it be 
kept some time or be treated wiih distilled water 
the cells contract; thereupon tin; cavities {tell 
spaces) become obvious as transiiarcnt lialos 
around the individual cells, or groups of cells if 
recently formed. 

i-. Cell divisim. The initial phases in this process 
ran be nowhere more favourably made out titan 
here. I'lie undermentioned may generally be 
found on carefully searching the field ; note that 
in alli division of the nucleus precedes that'of the 

Single cells (those filling an entire cell space) ; 


a. 
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one nucleus may be present {resthiL;; '■e//) or two 
(dividing cell), 

(S. A two-celled nest ; one or botli of tiie cells may 

. lodge two nuclei. 

y. A three-celled nest. Usually one cell will be 
found to be the larger of the three ; its nucleus 
may or may not show traces of division. 

5. Bone. 

a. Cleave the femur of a recently-killed frog longi- 
tudinally in two, and examine while still fresh. 

a. The A?nc ; its central cylindroidal s/nr/l and 
terminal epiphyses (cf. p. 14 ). 

/?. The 7narro7V ; a fatty vascular mass, filling the 
central cavity. 

y. "I'he periosteum ; a tough vascular connective- 
tissue sheath, closely investing the shaft. 

S. The nutritive fo7\ifnina, Caiefully remove the 
marrow and examine from within ; the torn 
ends of the periosteum will be seen passing in 
tljrough the above, for communication with the 
marrow. 

h. Decalcify the middle third of the femur of a freshly- 
killed frog in J per cent, chromic acid solution, 
stain with borax-carmine and. cut into transverse 
s€ctio7is as directed in the Appendix. Mount in 
Canada balsam, and examine under a low power. 

The bo7iy shaft ; seen to be divided, by a highly 
refractive ifiiddk la77iella, into an outer more 
deeply stained portion and an inner thinner and 
less deeply stained one. 

M. * o 
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/i. The periosteum ; a thin layer closely applied to 
the outer face of and staining with great in- 
tensity. 

7. 'I'he marroio ; composed of larger vacuolated 
(fat-laden) cells, and smaller rounded deeply- 
stained ones (red mar r 020 cells). 

h T’he 7 iuh‘ient vessels; in section as follows: — a 
larger ovoidal and thin-walled vcui^ and a smaller 
cylindroidal and thick-walled a?der}\ lying close 
together near the middle f)f the marrow. 
vSearch your sections for any which may have 
l)assed through a nutritive foi amen ; if j)resent, 
note the relations of the j)eriosteum to the 
marrow. 

r. fLxamine your thinnest section under a high 
power. 

a. J he bony shaft ; seen to consist of a number of 
concentric layers or lamelhe^ rendered distinct 
under the action of the reagent. 

hind the middle lamella ( 1 ). a); it marks the 
boundary line between an inner, more lightly 
stained series (concoitric or peri-meiftdlary lamellce) 
and an outer, more deej^ly stained series {circim- 
ferenfial or subperiosteal lamelhc), 

I lie bone corpuscles ; minute fusiform or branch- 
ing colli?, set along the lines of the above la- 
in elke. Each clear and little stained, with a 
deeply stained nucleus. (Cf. connective tissue 
corpuscle.) 

7. The periosteum; if the section he a good one, 
its innermost la^^r will be seen to consist of a 
row of small flattened cells (osteoblasts). 
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8. I'he 77 iarrow ; note the aggregation of small 
cells on the inner face of the shaft. 

(L Make a transverse section of the dried shaft of the 
femur, by grinding it down upon a hone as di- 
rected in the Appendix (E.). Mount in Canada 
balsam and examine under a high power, 
a. The lamellce : cf. supra, 

/?. The lacuiue; oval spots between the lamellse; 
black, as they become filled with dirt in grind- 
ing. Each originally lodged a bone-corpuscle, 
y. The catialicidi; minute black lines radiating 
irom the lacunae. Those of adjacent lacunae 
fre(iucntly anastomose. 

8. The Haversian canals ; present only in the 
neighbourhood of the nutritive foramina. Ob- 
vious as spaces in the substance of the shaft, 
cacli surrounded with its own lamellae. 
Examine a longitudinal section of the dried 
femur, for comparison with tlie above. The 
Haversian ca?ials are seen to be channels run- 
ning for the most part longitudinally, and com- 
municating \vith one another by cross branches. 
The lacioae and canaliculi appear much as in 
the transverse section. 

The study of the driedj^ bone may advanta- 
geously be supplemented by that of the long 
bone of a mammal. 


6. Adipose tissue. 

t 

Tease up portions of the corpus adiposum, as under. 

a. Fresh, in salt solution. Examine under a low 
power ; the following will be met with. 


9—2 
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a. Connective tissue elenicnls. 

[3. Ripe fat ceils ; obvious as aggregates of large 
highly refractive globules {fat globules) of which 
the tissue is chiefly composed. 

Note tlieir oi)tical characters, under different 
levels of focus. 

y. Inifuaturc fat cells ; smaller irregular or rounded 
cells, each lodging one or more fat drops. 

b. Preserve in spirit ; staii\ witli liLcmatoxylin. P"x- 
amine tlie rii)e cells under a liigli power ; each 
consists of--' 

<K. 'Hie fat globule ; apparent as a clear space, 

which may or may not contain crystals. 

/i. I'he cell membrane ; deeply stained and more or 
less granular, forming a thin enveloi)e for a. 

y. The nucleus ; oval and compressed, buried up 
in the cell membrane and usually surrounded 
by granular protoplasm. 

8. Immature fat cells : look for those showing 

stages in the formation of the fat globule. 

7. Unstriped muscle. 

a. Place a small piece of the muscular coat of the 
intestine in MiillePs fluid for 2 — 3 days. Tease 
up in hacmatoxylin solution and examine under a 
high power. 

a. The muscle-cells; elongated and fusiform, in 
close apposition with each other; protoplasm 
granular. 

yS. Nucleus ; fusifoAi or ovoidal, generally situated 
near the middle of the cell. 



I.] THE EROG. 133 

b. Obtain a similar but thin piece from the intestine 
of a recently-killed frog. T'reat with silver 
nitrate as directed at § 2. c. 

a. Tlie ccnientim^ substance; obvious as a series 
of dark lines which cross each other at long 
intervals. 

/i. T.ook for fragments showing two sets of lines 
winch cross at right angles (i.c. cell-contours of 
longitudinal and circular layers). 

8. Striped muscle. 

a. Pi ^servo the middle third of the belly of a limb- 
muscle (say the gastrocnemius) in spirit; stain with 
borax-carmine and cut into transverse sections. 
Mount in Canada balsam and examine under a 
low power. 

tt. T'he muscle ; composed of a great number of 
large fibres^ each oval, or angulated and irre- 
gular as the result of mutual compression. Note 
their transverse diameter, variable in proportion 
as the section ])asses through their middle 
01* extremities. 

/?. The pcrimyjum (fasc/a) ; a deeply staining 
sheath for the whole muscle, carrying blood- 
vessels whose cut ends will be seen (cf. peri- 
osteum, § 5.). It will be fefund to dip into the 
interior of the muscle as a delicate black pig- 
mented membrane, subdividing it into a number 
of muscle biindlcs or fasciculi, 

7. The -muscular fibres. Examine the thinnest parts 

of your sections wRh a high power ; each fibre 
consists for the most part of a granular pro- 
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toplasm lodging a number of fusiform deeply- 
staining nucleate bodies [muscle corpuscles), 
b. The muscular fibre ; structural analysis. 

i. Tease out gently a bit of muscle from a freshly- 
killed animal, and examine in salt solution with 
I inch obj. 

«. Composed of elongated fibres^ which exhibit,, 
unless the fibre be quite fresh, a tendency to 
split up into finer filaments (so-called fibril he). 

[d. 'File sarcolcmma ; visible as a sLqieificial clear 
layer of the fibre ; expansions of it may be 
seen at points where the continuity of the 
fibre has been interrupted by pressure, or 
other cause of rupture. 

ii. Examine with a high power. 

a. The alternate lighter and darker bands jilaced 
transversely to the long axis of the fibre 
[t7‘ansvcrse striatiofi). 

ft. The sarcolcmma ; cnvelotiing the fibre ; seen 
here and there as a delicate film, where the 
fibre is twisted or bruised. 

y. ddie muscle corpuscles^: visible as elongated 
and slightly refractive fusiform bodies, dis- 
posed longitudinally. 

iii. Treat with acetic acid ; the striation is rendered 
very indistinct, the sarcolcmma and muscle cor- 
puscles becoming very consiiicuous. Add a 
drop of magenta; the nuclei stain deeply.^^ 

iv. Transfer a fragment of fresh muscle fibre to a 
slide bearing a clr4p of salt solution, and tear it 
into small shreds with a couple of needles. 
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Examine the thinnest pieces under your highest 
power. 

a. The fibre is seen to be marked out into a 
close-set series of alternately light and dark 
transverse s&ice^ the former being in all pro- 
bability the narrower. 

yS. Keep your eye steadily fixed on a given piece 
while you alter the focus — parts which were 
originally dark now become light and vice 
versa, 

y. Examine a fragment in which the cross stride 
are very distinct, still more minutely. When 
in exact focus the following will be seen. 

The septal zones; obvious as the afore- 
named clear striie. 

The iuterseptal zones ; alternating with and 
of greater thickness than a. P'ach is longi- 
tudinally striated. 

I'he septal lines ; dark lines of great deli- 
cacy, one in the middle of each septal zone; 
seen, on close examination, to appear as a 
• parallel series of minute dots. 

Very generally the fibre is constricted at each 
septal line, having thus a beaded appearance. 

8. Repeat the operation described at yS. and note 
the different optical effects which are pro- 
duced at different levels of focus. 

Melland’s method. Place some fragments of 
fresh muscle in i per cent, acetic acid solu. for 
10 seconds; transfer to i per cent, gold chloride 
solu. for I hour anti then to 25 per cent, formic 
acid solu. for 48 hours or longer (to be kept in 
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the (lark). Finally tear up with a couple of 
needles in glycerine. 

a. Longihidinal si rue; parallel lines, differentiated 

under the above treatment, which can be 
traced throughout the entire length of the 
fibre, traversing clear and dark zones alike. 

/i. Transverse iiehaorks ; seen, in the regicnis of 
the seplal lines, traversing the fibre at right 
angles to a and thic kened at their points of 
intersection with the same. AVhen looked 
at cn face they ])resent a honeycomb-like 
.il)pearance. 

^ iv. and v. may be profitably repeated upon 
the muscle fibre of an insect. 

9. Nerve. 

a. Preserve a ])ortion of the iliac nerve in spirit of 
increasing strengths ; stain with ha^maloxylin, 
imbed and cut transveise sections. IVIount in 
Canada balsam and examine with a low power. 
ii. 'The inink; composed of an immense 

number of small rounded nerve fibres. 

J3. The perineuriun! : a deeply staining sheatli, 
seen to carry blood-vessels (cf. jieiimysium and 
l>eriosteum). It may be in part fat laden, 
y. The nerve Jni tidies ; lesser divisions of the trunk, 
each bound up in an ingrowth of the ])erineu- 
rium (cf. muscle bundles). 

A Examine the thinnest portion of a nerve b\mdle 
under a high power j it will be found to contain — 
a. Mednllated nerve fibres ; in section round, each 
with a central deep-stained portion (axis fibre) 
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and a peripheral clear portion (jnediillary sheath)] 
the whole invested in a delicate primitive sheath^ 
obvious as a darkly stained outline. 

/i. Non-medidlafed nen'e fibres ; irregularly dispersed 

among a . ; each consisting of an axis-fibre alone. 

The medal la ted nerve- fib re ; structural analysis. 

i. 'Tease out a bit of a fresh spinal nerve in salt 

solution. I’lxamine with a low power. 

a. Comj)osed of well-defined fibres {jnedullated 
nerve fibres) mixed with white fibrous tissue. 

ft. 'The afipnirance of the nerve-fibres ; each has 
a double contour and a highly refractive 
border. Some fibres are regular in outline, 
others contorted and irregular. 

ii. Examine, under a high ])Ower, selecting the least 
( ontorted fibres. 

a. 'The primitive sheath: look lor it on bruised 
nerve-fibres or at the ends of torn ones. 

ft. 'The highly refractive border {medullary sheath) 
#vithin the primitive sheath. 

7. 'The central homogeneous axis {axis fibre)] 
look for it projecting beyond the medullary 
sheath of torn fibres. 

8. 'Treat with chloroform 3 the medullary sheath 
will be dissolved out, and the axis fibre 
plainly seen. 

c. Ranvieds nodes; apparent breaks (constric- 
tions) in the medullary sheath, seen at com- 
paratively long intervals along the course of 
the individual fibre. 
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C Schmidt's ?todes. Examine the medullary 
sheath of the least distorted fibres with great 
care ; the above will be found as interruptions 
of the same at short and fairly regular in- 
tervals, the sheath appearing to consist of a 
series of imbricated segments. 

r;. Compare a fibre with irregular contour. Note 
that the irregularity is due to shrinking of 
the medullary sheath under coagulation. The 
coagulate masses may often be seen to cor- 
respond with the above-named segments. 

Tease up a piece of the trunk of a spinal nerve 
in a drop of i per cent, osmic acid solu. After 
3 — 4 hours immersion in the same, wash well 
and mount in weak glycerine. Examine under 
a high power. 

(I. The medi/l/ary sheath ; rendered blackish and 
highly conspicuous by the above method. 
Examine it with care, noting especially the 
nodes of Ranvier and Schmidt. 

The axis fibre; grej^ish and well defined, 
seen on focussing through a. 

y. The ven'e corpuscles ; aj^parent as thickenings 
of the* sheath which bulge inwards, usually 
of a reddish brown colour under treatment 
with the above acid. They correspond in 
number with the nodes of Ranvier, anti each 
consists of an oval refractive nucleus, em- 
bedded in a snfall amount of granular proto- 
plasm. 
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10. Nerve-cells. 

a, Unipola7‘ cells, 

i. Take a spinal ganglion from a recently-killed 
frog and tease up under a low power in eosin 
solution. Among the pigment cells and other 
small cells present, the above-named will be 
seen as large round or oval pale granular cells, 
each with a conspicuous large round nucleus. 
Examine under a high power. 

a. The cell-body; granular, and connected at its 
base with a single nerve-fibre (unipolar-cell). 

/?. The 7inclcus; generally central in position ; 

invariably containing one large nucleolus, 
y. The cell capsule; a delicate nucleated invest- 
ment which may or may not be torn away. 

ii. Tease up a second s])inal ganglion, and treat 
with osmic acid and glycerine, as directed at 
9 . iii. Examine under a high power. 

a. Geiieral. Cf. supra. 

T'he poldp' plate; consisting of two or more 
dear cells, situated at the base of the unipolar 
cell and in direct connection with the ulti- 
mate termination of the nerve fibre. 

b. Bipolar cells. 

Take a .sympathetic ganglion from a recently- 
killed frog and tease it up in eosin as directed 
above. Examine under a low power. Among 
the pigment and other cells present, will be 
seen numerous large pale granular cells some- 
what like the unipol^fr ones. Examine under a 
high power. 
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(t. The cell-body; composed of granular i)roto- 
])lasm, with a large round or oval nucleus. 
Cf. generally with that of the unipolar cell. 
p. The cell capsule; like that of the unipolar cell 
but less conspicuously nucleated, 
y. The relafed nerve jibres^ of tliese there are two 
(bipolar cell): one ])asses straight from the 
cell base like that of the unipolar cell; the 
other {processus spiralis) leaves tlie cell at a 
higlier level, and, in [)assing downwards, winds 
round the base of the cell and the straight 
fibre. 

Afullipolar cells. See infra § 1 1. 

The spinal cord. 

Place some pieces of the fresh cord in potassium 
bichromate solution (2 to 3 weeks), wasli well and 
afterwards harden in alcohol of increasing strengths. 
Stain with borax-carmine and mount in Canada 
balsam. 

ICxamine under a low ])ower. 

The cord; bilaterally symmetrical ; Composed of 
a superficial lighter portion {lo/iife 7 nafter) and a 
deeper more deeply staining portion {grey 
matler). 

b. A'cri^e roifh ; seen as bundles of fibres running 
out dorsally and ventrally from prolongations 
{cornua) of the grey matter. 

c. dTe canalis centralis; oval, lined by a ideep 
staining columnar epithelium. 

d. The Jissurcs; medSin dorsal and ventral, cleaving 
the white matter only. 
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(\ The pin mater; obvious as a darkly stained in- 

vestment for the whole. It dips in, especially 
at the fissures, to form a supporting framework 
for the cord. Prolongations of it into the 
substance of the cord may be readily seen, in 
the vicinity of the ventral fissure. 


ii. Examine under a high power. 

a. The 'luhitc matter; chiefly composed of medul- 
lated fibres, cut across and lying within a sup- 
])orting mesliwork {?ieuro;;lia). Non-medullated 
fibres may be detected here and there. 


b. Tlie,^'‘;rj' matter. 

a. Composed, for the most part, of non-medul- 
lated fibres lodged in a granular matrix. 

Note the course of the fibres, especially 
of those which pass from side to side. 

(3. Multipolar nervc-celh. A cluster of these will 
be seen in each ventral grey cornu, as large 
irregular cells, deeply staining and each with 
• a round nucleus. Nerve fibres will be seen 
to enter them at several points. 

y. Ventral nerve root. Examine with care; con- 
tinuity may often he traced between its indi- 
vidual fibres and the midtipolar nerve cells. 


12. The retina. 

Highly satisfactory preparations of this organ can 
be obtained as follows. Take perfectly fresh eyes 
from a frog ; remove av»small portion of each, and lay 
the eyes for an hour in corrosive sublimate, or for 
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3 to 4 hrs. in picric acid ; wash and transfer them 

to alcohol of increasing strengths. 

Finally, stain with borax-carmine, imbed and cut 

into longitudinal vertical sections. Mount in Canada 

balsam. 

Examine with a low power, the whole eyeball will 
be seen in section. 

a. The sclerotic; a cartilaginous outer capsule. 

Ik 'I'he choroid; recognizable by the straggling 
nature of its pigment cells, which form a sort 
of loose network. 

<*. The retina ; seen to be composed of a number 
of layers, differentiated under the action of the 
staining reagent. Note the pi;;nicnt layer ; red- 
dish brown and regularly disposed, immediately 
internal to the choroid, one-third tlie thickness 
of the whole. 

P'.xamine your thinnest section under a liigh power. 
Work from within outwards; the following will be 
seen, in order of enumeration. 

a The internal limiting me?nbra?i(\ a thin structure- 
less layer. 

Ik The nen'cjibfr layer; tliin and granular, with 
delicate fibres. 

[tt. and / 3 . are sometimes difficult to make out.] 

c. The nerve-cell layer; composed mainly of large 
irregular cells with round nuclei. From some, 
branches can be traced into the next layer. 

//. The inner nwlecidar layer; this is thicker tlian 
any of the preceding, and has a finely 
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punctated appearance. It remams unstained 
under the above method of treatment. 

e. The inner nuclear layer; nearly as thick as d,, 
and deeply stained. It is made up of a number 
of nuclei, around each of which is collected a 
very small amount of protoplasm ; and of fine 
fibres, some of which can be traced into the same, 

f. The outer molecular {fenestrated) layer. Narrow 
and unstained, somewhat resembling d, 

y;. The outer nuclear layer. Much thinner than 
the inner nuclear layer and more closely packed. 
It is composed of distinct fibres {rod- and cone- 
fibres), each of which swells out and has a 
nucleus developed in the enlargement. 

h. 7 he external liniitlny nicfnhrane, A thin homo- 

geneous layer like a, obvious as a hard line 
wliicli not iinfrequently overhangs the outer 
nuclear layer. 

/. The ?'od~ and cone-layer. Usually stained a faint 
l)ink colour under the above treatment. 

a. The 7'ods: ]}arallel and ending in blunted free 
• ends; each subdivided transversely into two 
segments. 

ft. The cones; few in number and shorter than 
the rods; each ending in a pointed free end. 
Look for them among the bases of the rods. 

k. The figment layer; seen to consist of a close set 
series of elongated cells (pigment epithelium) 
forming a cap-like investment for the free ends 
of the rods and cones. 

a. 'The cell bases; closely applied, each contain- 
ing a round or oval clear nucleus. 
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ji. Their fire ends; fimbriated and prolonged 
down among the rods and cones. 

/. IVie fibres of Afiiller ; highly refractive sup- 
porting fibres, often traceable with ease from 
the internal limiting membrane to the fenes- 
trated layer. 

iii. Obtain, if possible, similar sections which shall 
pass tlirough the entrance of the optic nerve. 
Mxamine under a high power, and follow the 
course and relations of the nerve-fibres. 
i\'. Take a fresh frog's eye: prick its cornea and col- 
lect the aqueous humour on a slide. Then open 
the eye, remove a bit of the retina and tease it 
out in the a(|iieous humour, mount and examine 
with a high power. 

a» Niinieroiis rods will lie seen floating about, 
many broken but some intact and showing the 
boundary line between their two segments very 
plainly. At first both segments are homoge- 
neous, but very soon they begin to alter; the 
outer layer freciuently then gets transversely 
striated and shows a tendency Uo split up into 
several pieces : gradijfilly these rods curl up, 
swell out, and entirely disintegrate. 

T^. The olfactory epithelium. 

Open the*nasal sac of a frog ; remove a portion of 
the epithelial lining and transfer to i p. c. osmic 
acid solution for 2 -3 hours; tease up in weak 
glycerine and examine with your highest ])o\^^r. 

Numerous mutilated cells will be found, and, 
among them, more* or less perfect representatives 
of the following. 
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a. Epithelial cells; columnar and elongated, each 
with an oval nucleus, an imbranched peripheral 
process and a branched basal one. 

b. Sensiferous cells ; more slender and often some- 
what shorter than a. : generally to be recognized 
by tlicir swollen bases (enlarged around an en- 
closed nucleus). Each terminates at its free end 
in a cluster of delicate, hair-like, stiff processes, 
and receives at its base a thread-like nerve-fibre. 

14. The auditory epithelium. 

Place sufficient of the membranous labyrinth to 
einbiace one of the ampulke (Sect. I., 4. c\ y) in i. 
p. c. osraic acid solution for 3 — 4 hours ; tninsfcr to 
weak glycerine and tease up its epithelium with a 
couple of fine needles. Examine under your Iiighest 
power, and look for — 

a. Hair cells (sensiferous cells of auditory epithelium). 
Each is pear-shaped and composed of a granular 
proto})! asm with a large round or oval nucleus : 
from its flattened free end there stands out the 
aud^ory hair ; a long ])ointed structure (from 3 
to 4 times tlu; length of the cell-body) seen, on 
careful examination, to consist of several delicate 
fibrils bound together. 

15. The skin. 

i. Cut out a j)iecc of skin from the back of the thigh 
of a recently killed frog : spread it out in water, 
cover, and examine with a low }:)ower : note — 

a. The pigmcni-cells black irregular }:)atclies ; 
some compact, others more or less branched. 

M. 
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The mouths of the cutaneous i^la?ids ; seen as 
clear round spots, although their openings are 
really triradiatc : their number. 

ii. Preserve a piece of skin in alcohol of increasing 
strcngtlis, and stain with borax-cnrinino ; imbed 
and cut sections ]jerpcndicular to its surface : 
mount in Canada balsam. Examine under a low 
power. 

'riie cpiiirnnis ; tlie superficial thinner and deep 
stained j)ortion. 

A 'J’hc dermis; the deeper main mass, for tlie 
most part lightly stained. 

c. IVi^ment ; most marked as a conspicuous ir- 
regular l)lack layer, in the superficial stratum 
of the dermis. 

//. Cutaneous g/ands : seen in section as numerous 
large oval, rounded, or llask-shaped spaces, lying 
within the dermis. Many can be seen to open 
on the free surface by a nairow neck. 

iii. lAxamine under a high power. 

a. 'Fhe epidermis (stratijied epithetium). Work 
from within outwards; tliere will be found in 
order : 

a. The Malpighian layer; composed of a usu- 
ally single basal row of close-fitting columnar 
cells, eacli with an oval nucleus ; and of a 
superficial main mass, consisting of several 
rows of rounded or oval cells whosft long 
axes are parallel witli the free surface. Small 
l)igment granules are frequently aggregated 
around the nuclei of the latter. 
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ft. The horny layer ; usually of a yellowish 
colour; made up of flattened cells whose 
boundary lines are rarely distinguishable. 
Nuclei for the most j^art absent; pigment 
granules present at intervals. 

Ik d'he dermis ; work inwards from the epidermis ; 
the following elements will be seen. 

ii. Cofuicciive tissue ; forming the main mass, its 
cellular elements well marked, fibres for the 
most part in bundles. 

ft. Unstriped 7Jii4sde; most marked in the deeper 
portion where it forms a thick musadar sira- 
tuniy lying beneath the cutaneous glands. 

y. Pigment ; deposited for the most part in two 
well-defined strata of irregular branching cells ; 
rarely difiused throughout the conneetive- 
lissue mass. 

The above-named strata aic: a superficial 
one lying beneath the epidermis (ef. ii. c.), 
generally black and highly conspicuous ; a 
^deeper one, immediately internal to the mus- 
cular stratum, of somewhat lighter colour 
than the eftner. 

0 . Pat; rarely present: when it is deposited, 
like the pigment, within individual cells of 
the connective-tissue mass. 

Blood 7'essels ; inconspicuous in uninjcctcd 
preparations. Their cut ends may however 
be seen among the cells of the inner pigment 
layer ; thence vessels may sometimes be traced 
passing up, in a pigmented sheath, towards 
the bases of the cutaneous glands. 


ID — 2 
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t*. The cutaneoKs glands. Look for thin sections 
which pass through their necks. 

iu The gland ; lined by a single layer of flat- 
tened cpitlielial cells, occasionally surrounded 
by pigment. Its secretory product may often 
be seen within it, as a pale finely granular 
mass. 

[]. The dnrl; subdivided into two segments : an 
inner enlarged one, lined by a single layer of 
cells which graduate into the deeper layer of 
the epidermis ; an outer much constricted 
one, the epithelium of which graduates into 
tlie horny layer of the epidermis. 
y. I.ook for sections showing the glands cn face. 
Note the boundaries and characters of their 
epithelial cells. 

Tho intestine. 

Preserve some pieces of the small intestine, first 
washing out the contents with care, in ^ jier cent, 
solution of chromic acid ; transfer to alcohol of 
increasing strengths; stain with b6rax-carmine, 
imbed and cut transver\e sections. Mount in 
Canada balsam and examine with a low power. 

c. The intestinal wall ; smooth externally, much 
folded ihtcrnally. Its outer layer; uniformly 
thick {iniiscular laycr^ : its inner layer ; much 
folded and more deeply stained {epithelium), 

h. Examine the thinnest portion under a higher 
j)owcr. Work from without inwards ; there will 
be found in the older of enumeration — 
a. Serous layer (peritoneum) ; obvious as a faint 
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contour line. Look for places where it may 
have been separated in preparation. 

/?. Longitudinal muscular layer ; thin and deeply 
stained; seen to consist of the cut ends of 
close-set cells. 

y. Circular muscular layer; relatively thicker 
than cells close-set and parallel with the 
free surface (cf. § 7. h, / 3 ). 

rt. Submucous layer ; faint and composed of vas- 
cular connective tissue, l.arge blood-vessels 
will be seen ramifying within it. 

€. Mucous membrane ; composed of three layers. 
A muscular layer^ forming a tliin stratum im- 
mediately internal to S; a lympltoidal layer, 
somewhat like the submucous layer, but con- 
taining numerous rounded or irregular cells 
(lymphoidal cells) ; the epifhelitm, composed 
of close-set columnar cells (cf. § 2. bi) whose 
inner ends for the most i)art stain very deeply. 

L. Compare similar sections across an intestine the 
Wood- vessels of which have been injected with 
gelatine (see Appendix C). Note the course 
of the vessels, and especially the relations of 
their ultimate ramifioitions. 

The pancreas. 

Preserve small portions in alcohol of increasing 
strengths ; stain W'ith borax-carmine ; imbed and cut 
transverse sections ; mount in Canada balsam. 

Examine under a low power, 
a. The gland ; composed of groups of cells {acini) 
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(liffused throughout a conncciive-tissuo uiesh- 
work {stroma). 

p. The italic ; a dense conncctive-tissnc investment 
for the wliolc. conLinuoiis with llie stroma. Look 
for the cut ends of blood-vessels (cf. penmysiiim, 
j) er i n e u r i u m , j) cr 1 os t eu m) . 

A f^xamine under a high power 

r*. 'J'Jie acini : each composed of a single layer of 
large epithelial cells, set aroLUid a small ir- 
regular central cavity. 

р, 'Fhe ditcis ; jiackcd among a, < liaracterized I'jy 
llie large size and regularity of their central 
ra\ ities; in sec tion rounded or oval, c'acli lined 
by an epitheliain of sqiiarisli cells. 

Look for jiortions showing the transition of 
gland into duct. 

1 8. The liver. 

Preserve some small i)ieces of fresh liver in alcoliol, 
and prepare sections as directed for tlie pancreas. 
a. I'lxaminc under a low power. 

The gland ceils will be found to be ^arranged in 
grou})s, around a ramifying system of (dear spac'cs 
with granular-looking contents {Idood-vcsscls), 

Ik Examine under a higli power. 

с. 'The gland ails : for the most ])art sciuarish or 
hexagonal, cacdi lodging a large round nucleus 
wiilr one larger and several smaller nucleoli. 

p. T.ook for sections of longitudinal scries jells; 

note tlieir arrangement in parallel rows, 
y. Blood capillaries ; cf. supra. The granular ap- 
pearance seen under the low power will be found 
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to be due to the presence of red corpuscles 
whose nuclei alone stain with great intensity, 
the bodies of the corpuscles remaining faint and 
yellow. 

S. Bile capillaries ; apparent as a system of minute 
inter-cellular passages. Look for them in your 
thinnest sections; their cut ends appear some- 
times as round or oval spaces, at others as deeply 
stained dots, between applied cells, much smaller 
than the nuclei of the same. 

They may often be demonstrated if, prior to 
removal of the liver from the body, the bile-duct 
be ligatured and the bile injected into them by 
gently squec/ing the gall-bladder. 

c. Compare sections of injected liver, prepared a^ 
directed for the intestine § 16. c, 

d. Tease up a fragment of fresh liver in salt solution 
and examine with J objective. 

a. 'Vht hepatic cells ; polygonal and granular, often 
containing oil-drops (cf. osmic acid reaction). 
Treat with acetic ac id : a nucleus, or sometimes 
two, will be rendeicd apparent in each of the 
cells. 

c. I'ease up a similar fragment in iodine solution. 
Many of the cells will be scen^to contain a product 
{glycogen) which stains a deep reddish brown. 

1 9. The kidney. 

» Preserve a frog’s kidney in alcohol of increasing 
strengths ; stain with haematoxylin or borax-carmine ; 
imbed it and cut into longitudinal sections parallel 
with its flat surface. Mount in Canada balsam. 
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a. Examine with a low power. 

a. Note the numerous uriniferous tubnies of which 
the organ is mainly composed ; they twist about 
in several directions, and arc consequently cut, 
some transversely, some obliquely, and others 
more or less longitudinally. T'he latter are most 
conspicuous at the outer (convex) border. 

T1ie clear round spaces, scattered about ; these 
are sections of Malpi^^hian capsules. Some may 
be seen to lodge a granular mass i^^lome^'ulus). 

b. Examine with a higher power — « 

a. e pit helium of I he tubules ; composed for the 

most part of a single layer of large squarish 
cells, each with a large round deep-staining 
nucleus. 

/]. The epithelium of the capsules; flattened and 
squamous, its nuclei well defined, seen to be 
reflected over the glomeruli (i. e. the latter are 
outside it). T.ook for sections showing the con- 
nection of tubules with capsules. 

< 

y. Blood capillaries ; scattered among the tubules, 
conspicuous in ]>orax-c5rmine preparations by 
the refractive deep-staining nuclei of the red 
corpuscles (cf. § i8. b. y). 

c. Compare sections of the fresh kidney treated with 
silver nitrate, as directed at § 2 . c. Examine under 
a high power. 

a. The capsules. The boundary lines of their epi- 
thelial cells will be distinctly seen; they are 
those of a tesselated epithelium. 
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/3. Tlie smaller blood-vessels. In tliose immediately 
related to the glomeruli, longitudinal and trans- 
verse striations are generally obvious under tlie 
above treatment Examine with care; the longi- 
tudinal stride will be seen to be the deeper 
(boundary lines of epithelial cells); the trans- 
verse ones are more superficial (boundary lines 
of unstriped muscle cells). 

d. Compare sections of injected kidney. Examine 
under a low ])ower; two sets of capillary vessels 
will be seen — 

a. Around and among the tubules. 

/i. Idle glomeruli ; vascular tufts indenting the 
Malpighian capsules (cf. b, /i). Examine them 
in detail. 

20. The testis. 

Imbed a testis which has been hardened in alcohol 
of increasing strengths and stained with borax-car- 
mine. Cut into transverse sections and mount in 
Canada balsam. 

a, Exanaine with a low power. 

a. The organ is^ chiefly made up of large tubules, 
radially disposed at the periphery, more tortuous 
internally. 

Spermatozoa may or may not be present : 
if so, they will probably be aggregated into 
bundles with their heads (deeply stained) in 
close relation with the walls of the tubules. 

b. P^xaminc with a high power. 

a. Note the epithelium {germinal e/illielium) lining 
the tubules : it varies with the season of the 
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year, and may be one or more livers of cells 
deep. 

The spcnnatozoa, 

i. Tease up a small piece of the fresh testis in 
magenta solution. If spermatozoids are present, 
each will be seen to consist of 

a. Head; rod-like, generally straight, more rarely 
arched, mainly composed of a deep-staining 
body {nucleus), 

ft. Tail ; elongated and flagelliform, stains but 
feebly, if at all. In favourable specimens it 
may be seen to be continuous with a small 
amount of clear protoplasm which surrounds 
the “head.’’ 

ii. C'onipare the aggregates of spermatozoa seen in 
the prepared section, d'he ap[)licd heads of 
many of them will be seen to be capped by a 
large irregular nucleated cell (last remnant of 
parent cells of the group). 

iii. Compare the living spermatozoa, if accessible, 
obtained from cither the testis of vas deferens. 
Note the nature of their movements. 

The ovary. 

Prepare trsinsverse sections of an ovary: — alcohol, 

borax-carmine, Canada balsam. 

ICxamine under a low power. 

a. The (raa {ovisacs ) ; variable in size : smaller 
ones, seen to consist of granular protoplasm 
with a large germinal vesicle (nucleus): larger 
ones, pigmented peripherally; germinal vesicle 
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rarely seen, as it only occasionally lies in l!ie 

plane of section. 

l^^xamlne under a high power. 

Tlie smaller 07'tsacs. 

r.. The ovu77t ; the central large cell; its profo- 
plasm ^ uniformly finely granular and deep- 
staining. 

/I Germinal vesicle; often irregular in oiilline; 
germinal spots diffused or arranged i)cri- 
pherally in a single row. 

y. Ovarian follicle ; a single-layered epithelial 
investment for tlie ovum. 

Compare tlie lare^er ovisacs. 

n. Protoplasm of ovnm. Peripherally, Ijku’k and 
l)iginented, otherwise converted, for the most 
part, into an immense aggregate of small ellip- 
soidal or irregular refractive rol/c g/^annles. 

p. (icrminal vesicle. Look for specimens in 
vrhich this is visible ; the germinal spots arc 
mostly, if not wholly, aggregated in the middle 
«f the same. 

y. Ovarian follicle ; still rccognizalile, but gene- 
rally flattened. 

o. Vitelline membrajie ; obvious as a thin faint 
line, interposed between fhe ovum and the 
follicle. Look for it in ova whose investing 
structures may have been ruptured. 

Tlie germinal epithelium ; a cellular mass imme- 
diately beneath the investing membrane of tlic 

ovary. Look for young ovisacs still in connection 

with it. 
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N. The physiological properties of muscle and nerve. 

Place a frog under a beaker, with a drop or two of 
chloroform : take it out immediately it becomes un- 
conscious, which will probably be in a few seconds. 
Now feel with a finger-nail for the depression beneath 
the skin at the back of the animars head, which in- 
dicates the point of articulation of skull and spinal 
('olumn ; it lies in a line joining the posterior borders 
of the two tympanic membranes. Divide the skin 
and muscles at this point until the neural canal is 
laid open, and then pass a stout wire into the 
cranium and down the neural canal of the vertebral 
column. Py this jirocess (known as pithini^ the frog 
is rendered totally inca[)able of furtlier consciousness,’ 
though most of its tissues will retain their vitality for 
some time. 

a. Remove tlie skin from one leg, so as to lay liare the 
muscles : send an interrupted electric current through 
any one of them (or lap the muscle sharply with the 
back of a S('ali)el) : it will immediately contract^ or 
alter its form in a definite way ; it becomes shorter 
and ihickcj\ y;aininy; in breadth just so %uch as it loses 
in length ; in so doing it mi^ves the bones to which it 
is attached. 

b. Very carefully lay bare the sciatic nerve, taking care 
not to crush or drag it : divide it as high up as pos- 
sible, and, seizing it with a pair of forceps close to its 
cut end, lay it over the electrodes of an induction- 
coil. Probably when the nerve is cut the muscles of 
the limb will contract: whether or not, they will 
contract violently while the interrupted current is 
going through the nerve. 
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[If an induction-coil is not at hand a bit of clean 
copper wire twisted round a strip of zinc, with the 
points of contact moistened with dilute acetic acid, 
may be used to stimulate the nerve ; smart tapping or 
pinching with a pair of forceps will also excite it, but 
by such means the nerve is soon killed.] 

Tlic above experiments show : 

c\ That the muscle is irritable and contractile: certain 
external agencies (stimuli) excite some change in it, 
the result of which is a muscular contraction. 

(L Tlie nerve is irritable: certain external agencies ex- 
cite some change in it, tvhich in this particular case 
manifests itself by a contraction of the muscles con- 
nected with the nerve. 

d*. The nerve possesses co7iductivity : although it is stimu- 
lated at some distance from the muscles, the change 
excited by the stimulus travels along it to them. 

O. Development. 

riace some freshly-deposited frog’s spawn (taken di- 
rectly after extrusion by the female) in a table aquarium 
or other ^lass vessel filled with water. Examine and 
preserve the eggs and embryos as directed below. 

It is necessary for both observation and preservation 
that the mucus investment which surrounds the egg 
should be removed; this may best be done with a 
couple of fine needles, under water in a small saucer, or 
on any convenient white surface. When liberated, 
float the objects into a shallow watchmaker’s glass, and 
examine under a low power as opaque objects, on a 
white ground unless otherwise directed. Preserve in 
Kleinenberg’s picric acid solution, and transfer to 
alcohol of increasing strengths. 
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i. Segmentation of the fertilized ovum (oosperm) and 
larval metamorphosis. 

I'he rate of both segmentation and development 
[generally is liable to vary, in accordance with cir- 
(umstances. I'he periods enumerated below are 
aj)proximately those best suited for observation. 

The specimens should be examined both in the 
fresh state and when fully preserved. 

ti. One hour after fertilizaiion. 

a. General characters ; shape and si/c ; the black 
pigmented upper pole; the yellowish white non- 
pigmented lower pole. 

ft. The first cleavage furnna ; an annular constric- 
tion passing right round the egg, longitudinally 
with respect to the afore-uained ])oles. It con- 
stricts the whole into two equal halves {enihjo 
cells or blastomeres). 

b. 7 wo hours after fertilization. 

a. 'i'he second cleavage furroio ; longitudinal and at 
right angles to the first one, subdividing each 
blastomere into two. There are now four cells 
of e(]ual si/e. 

c. The same at 3 — 4 hours. • 

' it. The third furrow ; at right angles to the two 
former and exccntric, lying within the pig- 
mented* pole. It subdivides the whole into four 
smaller i)igmented upper layer cells, and four 
larger non-pigmented lower layer cells. Ex- 
amine from several aspects. 

d. The same at hours. 

A mulberry-like mass conspicuous by the irregu- 
larity in size of the blastomeres. 
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the whole; their boundary lines regular. 

/J. The 7 tpper layer alls ; forming the upper half, 
smaller and more numerous than those of ihe 
lower layer, their boundary lines in part irregular. 

i. e. the upper layer cells are dividing more 
rapidly than the lower ones. 

'J'lie same at 2^ Iwiii^s. 

Recognizable by the preponderance of the ])ig- 

inented area. 

(?. The lower layer cells; forming now tlie lower 
thiul or tliereabouts ; their boundary lines can 
only be made out with difficulty. 

ft, 'rhe tipper layer cells ; forming the upper two- 
thirds at least ; their boundary lines no longer 
clearly definable under a low power, the pig- 
mented portion having a granulated apj)ear- 
ancc. 

i.e. the iipj)er layer cells are growing round 
the lower ones. 

The ^ame at 4- -5 days. 

'bhe lower layeP cells aj)parent only as a small 

a; hite spot (blastopore or amis of Ruscotii), 

a. The blastomcres ; boundary^ lines no longer 
recognizable. 

ft, T\\q blastopore. Examine this with care ; its lip, 
horse-shoe shaped, well defined above and at 
the sides, ill-defined below. 

2 he same at G — 7 days. 

Signs of the embryo are now beginning to appear, 
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the whole having undergone a slight increase in 
total capacity and lost its spherical shape. 

a. 'J'he blastopore ; still visible but small and 
exccntric (displaced towards the flattened or 
dorsal surface). 

р. The neural plate ; obvious as a lyre-shaped flat- 
tening, in front of and in a line with the blasto- 
pore ; its edges thickened and raised up {rieural 
folds) ^ its mid region depressed {neural groove). 

The neural folds will in all probability be seen 
to unite in front, and die away behind, at the sides 
of the blastopore. A more or less marked ap- 
proximation of their hinder halves will be obvious. 

7 lie same at \2 — 14 days. 

'Lhe embryo may now be definitely recognized as 
a pear-shaped body still enclosed within the mu- 
cus investment. Remove and examine it. 

a. 'Lhe body ; head and trunk, very obvious if seen 
from the dorsal asi)ect. 

/i. The neural folds ; seen, if examined from the 
dorsal aspect, to be uniting in the middle line. 

y. U'he blastopore ; recognizable as a minute pore 
behind and below p. 

0. The suckefs; two oval thick-lipped depressions 
on the under side of the head (mouth not yet 
recognizable). 

с. The visceral arches ; generally to be seen at this 
stage, as a couple of oblique ridges on either 
side, above 8. 

/. The embryo at 15 — 18 days. 

Still enclosed within the mucus mass; recogniz- 
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able by the presence of the tail, the lashing move- 
ments of which are very conspicuous (when at 
rest it is usually bent round to the right side). 
Liberate the embryo, and in doing so note that 
tlie mucus mass is undergoing disintegration. 

a. The body ; now differentiated into distinct head, 
trunk and tail. 

Examine from the side. 

The visceral arches ; four in number on each 
side, the two hindermost bearing papillate out- 
growths {external branchue). 

y. The eye ; obvious as a rounded eminence above 
the interspace between the first two visceral 
arclies. 

S. d'ho auditory origan ; of)vious as a small pit 
(auditory pit) behind and above y. 

ICxamine from beneath. 

€. The suckers ; now at tlieir maximum of de- 
velopment and probably confluent posteriorly. 

C The mouth ; a deep oval ]ht in the middle line 
immediately in front of c. 

rj. The olfacfory^ory;ans ; apj.arent as two shallow 
pits (olfactory pits) in front of the mouth. 

The blastopore ; a minute pore at the base of 
the tail, persistent as the anus. 

Idle free swimmim^ lan'a, Eish-like and bilaterally 
symmetrical, tail and external branchiae mucli 
elongated. Introduce some duck-weed or other 
small plant into the water, and note tlie move- 
ments and habits of the larvce. 
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Examine from the side. 

a. 'Phe head ; well marked and possessed of func - 
tional sense organs. 

/L 'Pile external hranchur : long and pectinated ; 
three in number on citlicr side, a small third' 
})air having aj)j)eared. 

y. Tlie tail ; elongated and marked put into a 
]nunl)cr of well-defined segments {inyomcrcs), 
'J'he median fin; a thin fold of integument en- 
circling the tail and continued forwards - -dor- 
sally to tlie middle of tlie back — ventrally, f(;r 
a sliort distance in front of the anus (cloacal 
orifice). 

J'.xamine from beneath. 

€. d'he mouth; transversely enlarged and sur- 
rounded by lleshy lips, within wliich can be seen 
tile jaws, beset by small horny teeth. 

'Jlic larva ^ at a later period. Look for larvre in 
wlilch the external branchiie of the right side are 
no longer visible. P'xamine from beneath. 

n. /lead, trunk and tail, Cf. genci'ally witli tlie 
foregoing stages, as to relative proportions. 

p. 'I'he external h ranch he ; visible only on the left 
side, tirojecting out from beneath a fold of the 
ceplialic! integument {operculum), A similar fold 
is seen on the o])posite side. 

y, 'Phe mouth ; transversely oval and very large ; 
the lips, now papillate ; horny teeth, more 
marked. 

S. The suckers ; disappeaiing, and reduced to the 
condition of a couple of small tubercles. 
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Examine from the side. 

e. The mouth; surrounded by a protractile bell- 
shaped suctorial lijf, and utilized for purposes of 
adhesion, in place of the suckers wliich are now 
disappearing. 

Cf. the movements of the living larva. 
m. l^he development of the operculum. I.ook for larvre 
intermediate between k and /. JOxamine from the 
side. 

The operculum will be seen arising, on cither 
side, immediately in front of the external gills, as a 
backwardly-dirccted fold of the second {hyoid) 
visceral arch. 


r. The larva at a later stage than I ; conspicuous by 
the great length of its tail and the absence of 
external branchiae. Examine from beneath. 

a. The body generally ; clad in a tliin transparent 
integument, elegantly pigmented in black and 
gold. 

/i. The mouth ; still increasing in e, the cir- 
ciwn-oral papillai becoming more marked. 

7. The S7ickers ; further reduced and repre- 

sented by two small vestiges. 

S. 'I’he intestine; visible through the body-wall as 
a greyish coiled tube of large; calibre. 

c. The amts {cloacal orifice)) median and ventral, 
situated at the base of the tail on the summit of 
the pointed posterior extremity of the trunk 
(cf. side view). 

C The hinddimbs ; minute papillate outgrowths of 
the body- wall, at the sides and a little in front of c. 


T T — ? 
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7 j. Tlie branchial pore ; asymmetrical and situated 
on the left side (external branchiae are no longer 
present). Remove the ventral portion of llic 
adjacent integument (coalesced opercula) ; a 
spacious branchial chamber will be exposed. 
Note its limits. 

The iniernal branchitc ; paired vascular folds of 
the sides of the head, four sets on each side, 
lying within tlie branchial chamber. Try and 
make out their relations. They are borne iij)on 
outgrowths of tlie Avail of the pharynx {branchial 
visceral arches)^ Avhich alternate A\it]i jierfora- 
tions of the same {I'isceral elefls) i)utting the 
pharyngeal cavity in communication with the 
branchial chamber. 

t. The lant^s ; seen, on opening up the body- 
(xivity, as small diverticula of the alimentary 
canal not yet distended Avith air. 

llie la/'va on the appearance of hind-limbs. 

Examine from beneath. 

a. The body y;eneraUy ; note the proportions of its 
several constituents. 

/?. The mouth ; its large si.:e ; papillate lips and 
liorny teeth Avell marked. 

y. 'fhe absence of suckers and branchial pores. 

S. 'i1ie hind-limbs; small, but fully differentiated ; 
one-third the length of the body and separated 
in the ventral middle line by the terminal por- 
tion of the alimentary canal. 

c. The fore limbs; differentiated, but covered by 
(visible through) the ojiercular membrane. 
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C 'The fa// ; in all probability beginning to shrink. 

/. The frog shortly after the moult (shedding 

of the larval skin): characterized by the coex- 
istence of both pairs of limbs and the tail. 

Note its frog-like characters and especially -- 
a. T'he mouth ; gape-wide, sucking lii)s gone, horny 
teeth replaced by true teeth. 

1^. I'he tail : absolutely shorter than in the late 
tadpole. Note its relations to the trunk, 
y. The cloaca I orifice. Examine this with care; 
although displaced, owing to the increase in 
si/c of the hind-limbs and their approximation 
in the ventral middle line, it still lies at the 
base of the tail (i.e. it is ventral in position. 
(T. the adult). 

The formation of the embryonic layers and certain 
of the more important organs. 

imbed and cut sections of the ])reservcd oosperm 
or larvae, as directed below. Staining is unnecessary; 
luernatoxylin may be used, if desired. 

a. At the first cleavage ; longitudinal and at right 
angles to the cleavage furrow. 

a. 'J'he blastomc7'cs ; equal in size and separated by 
the cleavage furrow. Proto^dasm ; densely pig- 
mented above, little so below, for the most 
part laden with yolk granules. 

Nuclei. These may or may not be visible; 
each is clear and transparent and generally sur- 
rounded by pigment. (If visible, look for indi- 
cations of division.) 
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0 ;i the formation of the third furro 7 u (cf. i. c). 
Median longitudinal, as al a, 
a. The bliistomcrcs^ four in number as seen in 
section; two smaller upper ones, densely pig- 
mented ; two larger lower ones, pigmented only 
at tlic peripliery and yolk laden. 

/L The cleavage cavity {sedimentation r^/rv'/v); small 
ami central, in a line with the transverse furrow. 

Jt 6 8 hoars. (Cf. i. d.) Longitudinal vertical, 

a. The if/^cr layer ce/Is ; small and pigmented, 
a single layer deeji, nuclei generally visible. 

/^. Tlie l(m>cr layer cells ; large cells with little or 
no pigment, nuclei rarely visible, 
y. The yolk granules; aggregated in and largely 
confined to the lower cells (vegetative pole of 
the oosperm). 

8. T'he cleaiuige cavity ; large and irregular, inter- 
posed between a and yS. 

At 30 — 38 hours, l^ongitudinal vertical, to i)ass 

through the fir^t trace of the blastopore, 
tt. "Idle cleavage cavity ; large and exccntric, inter- 
posed between the ceVs of the upper and h^wer 
layers. 

yS. The lower layer cells; several rows deep, nu- 
cleated and yolk Liden; forming the main mass, 
y. The upper layer cells; now two or three rows 
deep {epiblast or outer germinal layer) and 
difterentiated into two layers. 

Follow the course of the epiblast ; it largely 
encloses the lower layer cells and is probably 
invaginated at the blastopore. 
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c\ At 4 — 5 days (typical blastopore stage. Cf. i./). 
Longitudinal vertical, to jmss tlirough the blasto- 
pore. 

a. Tho lower layer cells ; now practically destitute 
of pigment and almost completely eiu losed in 
epiblast; exposed only in the region of the 
blastopore. 

/J. d'he archenteron (primitive alimentary canal) ; a 
spacious cavity occupying much the position of 
the cleavage cavity in Section d \ in communi- 
cation with the exterior at the blastopore. 

y. The clcavay;c cavity : small and irregular, situated 
below /? at the end opposite the blastopore. 

fS, The Iiypohlast (inner germinal layer or (iigestive 
ei)ithelium) ; a single biyer of closely packed 
cells forming the roof of the archenteron, con- 
tinuous with the epiblast at the up]X‘r lip of 
the blastopore (i. e. formed as the result of in- 
vagination of the latter layer). 

€. The iiiesobhnt (middle germinal layer); obvious 
in median longitudinal section as two series of 
cells somewhat irregular and more loosely scat- 
tered than the rest; an upper series lying in the 
interspace between the roof of the archenteron 
and adjacent epiblast ; a Igwer series somewhat 
similarly interposed below between the lower 
layer cells and adjacent epiblast, and ir.ost 
numerous at the blastopore. 

f. The same at 12 — 14 days (cf. i. li), d’ransverse 
across the middle of the neural plate. Examine 
under a high power. 
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o. 'I'he neural plate: a thickened medio-dorsal 
sheet of cpiblast, partly invaginated and cn- 
('losing a deep neural groove ; its raised edges 
(neural fohls). 

p. The arc'liente^vn : a wide cavity situated nearer 
the iipj)er than the lower pole. 

y. 'Flic hypoblast : a single layer of cells forming 
the roof and side walls oi ft \ its cells, somewhat 
ilattened above, graduating into the lower layer 
( clls laterally. 

rt. 'I'hc notochord: a median oval mass of small 
cells, immediately beneath the neural plate, 
not yet comi>letely constricted off fiom the 
hypoblast 

f. d'hc uiesoblast : interposed between the cpiblast, 
.and hypoblast with the lower layer cells; mo.t 
marked dorso-laterally and symmetrical on o})- 
posite sides. 

y. The same at 15 -18 days (<'f. i. /). 'IVansverse 
across the middle of the trunk, for comparison 
with/. 

'I'he epiblasi; well defined and pigmented, 
f'.xamine under a high j)ower, and note the 
order of siu'cession and characters of its layers. 

ft. d'he hypoblast and lower layer cells. Cf. f. y. 

y. 'Fhc neural tube (cerebro-spinal axis) j)igmented 
and medio-dorsal, enclosing a central canal ; it 
ijo longer shows any trace of connection with 
cpiblast. (Cf. i. //.) 

S. "J’he notochord; immediately beneath y, large 
and rounded, composed of large vacuolated cells. 
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€. Tlie mesoblast; forming a denser mass {ineso- 
hlastic somite) on either side of the neural tube 
and notochord; below that point subdivided 
into two layers — an outer one (somatic layer) 
which api)lies itself to the epiblasl, and an inner 
one (splaiiclniic laye?') which invests tlie hypo- 
I'.last and lower layer cells. 

C The body cavity; tlie interspace between the 
somatic and splanchnic mesoblast; more or 
less obvious, in accordance with the degree of 
slirinkagc of the jireparation. 

7;. The leading; blood-vessels^ as under, 'bhe dorsal 
aorta y median and cylindroidal underlying the 
sub-notocliordal rod; the posterior cardinal 
7'einSy large vessels, ovoidal or irregular in 
section, right and left of the aorta. ]]lood 
corpuscles will in all probability be seen within 
them. 

liixamine under a high power. The above 
vessels will be seen to be formed as excava- 
tions of the mesoblast, each bounded by a 
single layer of modified cells. 

0, I'he pro-renal^ {segmental) duct ; a conspicuous 
thick-walled tube seen, on either side, lying 
within the somatic mesoblast immediately be- 
neath the posterior cardinal wein. 

//. The larva at 12 — 14 days (cf. i. //). Median lon- 
gitudinal vertical, to pass through the blastopore 
(anus). Examine under a low power, 
a. The body; elongated and enclosing two 
cavities:- —a ventral or archentcric canals in 
communication with the exterior at the blasto- 
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pore, and a dorsal or fieural canal ^ at this period 
ill comniiinication posteriorly witli the archen- 
teron and l)lastopore by a short narrow pass;igc 
{nanrnteric canal). 

fi. The 7 iotochord ; a median rod of sligluly vacuo- 
lated cells, lying in the interspace between the 
arch enteric and neural tubes. 

y. 'J'he neural tube; enlarged in front (brain) and 
overhanging the notochord. 

fS. 'J'hc archcnto'on ; its extent; its roof, formed by 
the hy|)oblast cells; its floor, still bounded by 
undifferentiated lower layer cells, now coinjxira- 
tively few in number. 

c. 'fhe mesohlast ; composed of irregular scattered 
cells and more extensive than in the earlier 
stages examined. 

i. At \^- i8 days (cf. i. ; j ; transversely obliijue, to 
pass through the visceral arches and external 
branchix'. 

a. The bra/n ; a large vesicle, situated at the an- 
terior end. 

/?. 'The nicsenieron (arclHaiteron) ; a large central 
cavity behind and in a line with a, wide in front, 
constricted behind. 

y. 'The visceral pouches ; paired diverticula of tlic* 
hypoblast, 4 or 5 in number on either side, their 
blind ends abutting against the epidermis (if the 
section be much shrunk their walls may be in 
close apposition). 

& The visceral arches : mesoblastic aggregates 
alternating with y; each lying behind its cor- 
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responding j)ouch, and usually lodging a large 
blood-vessel (aortic arch) seen in section. 

f. The external hranehue. '^rhese will be seen in 
some of the sections as filiform outgrowtiis (from 
I to 3 in number on either side) of the \isccral 
arches. 

Each consists of a mcsoblastic core invested in 
cpiblast. If the five visceral pouches arc seen, 
the first gill will be found to arise behind the 
second one (first branchial). 

k. Examine the lower sections of the above series 
and look for the formation of the mouth cavity. 

«. The mesenteJ'on : cf. supra; it ends blindly in 
front and is lined by a non-])igmented epithelium 
(yellow if prepared as directed and not stained). 

f], 'rhe siomatodanim ; a sac-like involution of the 
epidermis abutting against a, spacdous, and well 
marked on account of its dense jjignicntation. 
Its cnclo.sed cavity is the moutli cavity. 

/. 0)mpare similar sections through the head of an 
older larva, in whicli the internal branchiLU are 
] ire sent. 

a. The visceral pouches ; those of the branchial 
series are now in open communication wdth the 
exterior (I'lsceral elefts), 

p. The inte7'nal Immchuc ; vascular pectinations of 
the opposite faces of a. Note tlieir number and 
arrangement. 

y. The operculum ; a backwardly-directed fold 
arising behind the first pouch (fi*om t!ie hyoid 
arch ; cf. i. in). 
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///. Across the head of u (15 -18 days); transversely 
to the long axis, to pass through the eyes, 
tt. The epidermis ; forming a continuous investment 
for tlie whole ; thickened below and produced 
into two inverted cup-shaped folds {suckers), 
jl. d'he brain ; dorsal and elongated, ])igmentcd 
and enclosing a spacious cential cavity (3rd 
ventricle). 

y. 'I'he notochord and arehenieron ; occairrlng in 
order of succession below (3. 

0. d'he developing retina: on cither side a ciip- 
sliai)cd outgrowth of the brain {optic ciip)^ con- 
nected with the same by a narrow neck {optic 
stalk) visible only in a few sections. Examine 
the cup and note its thick outer wall ; its thin 
inner wall; its central cavity, continuous with 
that of the 3rd ventricle. 

c. The lens ; visible cither as a thickening or invo- 
lution of the cpiblast, immediately external to 8. 

//, Compare similar sections through the eye of a 
more advaiu'ed larva. Examine under a high 
power. 

a. 'Lhe optic cup; its central cavity becoming ob- 
literated, its inner wall densely j)igmcnted (pig- 
ment ei^ithelium ; cf. Sect. jM. 12 k), 
jS. The tens ; completely constricted off from the 
epidermis and enclosing a central cavity ; its 
thin outer wall ; its thick inner wall. 
y. The remaining constituents of the eye ; seen, 
for the most part, in course of differentiation 
from the surrounding mesoblast. 



II. 


'ri-IE FRESH-WATER CRAYFISH {Asfams fluviatilh) 
AND 'J"HE J.OFSTER (^Homanis vulgaris). 


'riiE Crayfish and the Lobster are inhabitants of the water, 
the former ccearring in many of our rivers and the latter 
abounding on the rocky parts of tlie coasts of the European 
seas. They arc bilaterally symmetrical animals, provided 
with many pairs of limbs, among which the large prehensile 
^claws’ are conspicuous. They are very active, walking 
and swimming with equal ease and sometimes propelling 
themselves backwards or forwards, with great swiftness, by 
strokes of tlie broad fin which terminates llie body. They 
have conspicuous eyes, mounted upon moveable stalks, at 
the anterior end of the head ; and two pairs of feelers, one 
jjair of which arc as long as the body, while the other jiair 
are much shorter. ^ 

'^rhe body and limbs are invested by a strong jointed 
shell, or exoskdeton^ which is a product of the subjacent 
epidermis, and consists of layers of membrane which remain 
soft and flexible in the interspaces between the segments of 
the body and limbs, but are rendered hard and dense else- 
where by the deposit of calcareous salts; the exoskeleton 
is deeply tinged with a colouring matter which turns red 
when exposed to the action of boiling water. 'Lhe body 
l)resents an anterior division — the cephalothorax — covered 
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by a large continuous shield, or carapace ; and a posterior 
division — the abdomen — divided into a series of segments 
which are moveable upon one another in the direction of 
the vertical median plane, so that the abdomen can be 
straightened out, in extension ; or bent into a sharp curve, in 
Jlexion, Of these segments there are seven. Tlie anterior 
six are tlie soinitcs of the abdomen, and each of them lia^ a 
pair of api)cndagcs attached to its ventral wall. The seventh 
bears no appendages and is termed the tclson — it is sub- 
divided into two pieces in the Crayfish. The anus is 
situated on the ventral aspect, beneath the telson and beliind 
the last somite. 

A groove on tlie surface of the carapace, which is termed 
the cervical suture^ separates an anterior division, wliich 
is termed the head or ctp/ialon, from a posterior division 
or thorax ; and the thoracic division of the carapvace fur- 
ther presents wide lateral prolongations, which pass down- 
wards and cover the sides of the thorax, their free ventral 
edges being applied against the bases of the thoracic 
limbs. These are the branchiostegites. Each roofs over a 
wide cliamber in whiclr the gills are contained and which 
communicates with the exterior, below and behind, by the 
narrow Interval between the edge of tlie branchiostegite and 
the limbs. Anteriorly and inferioAy, the branchial chamber 
is prolonged into a canal, which opens in front and below 
at the junction of the head with the thorax, immediately 
behind the cervical* suture. In this canal there lies a flat 
oval plate — tlie scapJiognathitc — whicli is attached to the 
second pairiof maxillrc and which plays a very important 
part in the performance of the function of respiration. Of 
the thoracic limbs themselves there are eight pairs, and, 
on the ventral face of the body, the linos of demarcation 
between the eight somites to which these limbs belong 
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may be observed. There is no trace of any corresponding 
<livisions in the cephalothorax of the Lobster ; but, in the 
Crayfisli, the last thoracic somite is incompletely united 
with those which precede it. The four posterior pairs of 
tlioracic limbs are those by wliich the animal walks and are 
termed tlie ambulatory The next pair in front is formed 
by the great claws or chdit. The anterior three pairs are 
bent up alongside the mouth and are moved to and from 
the median line so as to play the part of jaws, whence they 
are termed foot-jaws or maxllUpalcs. The external or tliird 
])air of tliese maxillipedes are mucli stouter and more like 
the ambulatory limbs than the rest, and the inner edges of 
their principal joints are toothed. The innermost or first 
])air of maxillipedes are broad, foliaceous and soft. When 
these fool-jaws are taken away, two pairs of soft foliaceous 
appendages come into view. 'I'hey are attached to the 
hinder 2)art of the cephalon and are the jaws or viaxillcc. 
The second, or outermost, is produced, externally, into the 
scai)hognathite, which will be seen to lie in a groove sepa- 
rating the head from the thorax laterally and known as 
the ccn'ical ^^roove. 

Anterior to these maxilLe lie tlie two very stout mandibles. 
Between their inner toothed ends is the wide aperture of 
the mouth, bounded, in fAmt, by a soft shield-shaped plate, 
the labrum ; and behind, by another soft plate, divided by a 
median fissure into two lobes which simulate appendages -- 
it is termed the metastoma. Thus far, the surfaces of the 
somites to which the appendages are attached look down- 
wards, when the body is straightened out and :#ie carapace 
is directed upwards. But, in front of the mouth, the wall of 
the body to which the appendages are attached is bent up, 
at right angles to its former direction, and consequently 
looks forwards. This bend of the ventral wall of the body 
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is the cephalic flexure. In correspondence with this change of 
position of the surface to wliich they are attached, the three 
pairs of appendages of the somites wliich lie in front of the 
moutli are directed either forwards, or forwards and upwards. 
The posterior pair consists of the long feelers or antennee: the 
next, of the short feelers or antennules ; and the most anterior 
is formed by the short subcylindrical stalks {oph/ha/uiites), 
on the ends of which the eyes are situated. 

This enumeration shews that the Lobster and Crayfish 
have six pairs of abdominal ajipendages — the swimmerets 
and ‘^tail-lin’b eight pairs of thoracic appendages (four pairs 
of ambulatory limbs, one pair of chelate prehensile limbs, 
three pairs of maxillipeds), and six i>airs of cephalic ap- 
})endages (two jiairs of maxilla:, one pair of mandibles, 
one pair of antennie, one pair of antennules, one pair of 
eyestalks), making in all twenty pairs of appendages. It 
may or may not be that the eyestalks are modified ap- 
pendages; assuming however, as is most probable, that 
they are, the body in correspondence with the number of 
appendages consists of twenty somites (the telson excepted): 
of these six remain moveable upon one another to form the 
abdomen, while the other fourteen are, with the exception 
of a portion of the last thoracic one in the Crayfish, com- 
pletely united to form the cephalc^horax. 

The branchiostegite is an outgrowth of the dorso-lateral 
region of the confluent thoracic somites. The serrated 
rostrum which encTs the carapace is a fixed median pro- 
longation of the dorsal wall of the anterior cephalic somites; 
while the telson is a moveable median prolongation of the 
dorsal wall of the sixth abdominal somite. The labrum and 
VW axe meeWan growlLs of the sterna of the 

prae-oral and post-oral somites. 

Thus the whole skeleton in these animals may be con- 
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sidered as a twentyfold repetition of the ring-like somite 
with its pair of appendages, which is seen in its simplest 
form in one of the abdominal somites. Moreover, not- 
withstanding the great variety of functions allotted to the 
various appendages, the study of the details of their struc- 
ture (sec Laboratory work) will shew that they are all re- 
ducible to modifications of a fundamental form, consisting 
of a basal-portion {proiopodiie) with two terminal divisions 
{endopodite and exopoditc), A third division or epipodite is 
superadded to the appendages concerned in respiration. 

Of the twenty pairs of appendages, the three anterior 
are concerned with sensation and the six posterior with 
swimming; the mandibles, whicli bound the mouth, are 
most efficient in mastication. Of the ten pairs which re- 
main, five are modified to form foot-jaws, the others being 
functional for walking or climbing; three of the latter 
however, in that they are chelate and often used to capture 
jirey or to tear up food material, combine the functions of 
locomotor feet and foot-jaws. 

Each of the larger appendages is composed of a number 
of segments, each movable ujicn its fellow in a single 
plane ; tlie various segments are so articulated that the 
limb, as a whole, is capable of considerable rotation. 

As has been already siid, the T.obster and Crayfish are 
bilaterally symmetrical ; that is to say, a median vertical 
plane passing through the mouth and anus divides them into 
two similar halves. This symmetry is exhibited not merely 
by the exterior of the body and the correspondence of the 
paired limbs, but extends to the internal organs ; the alimen- 
tary canal and its appendages, the heart, the nervous system, 
the muscles and the reproductive organs, being disposed so 
as to be symmetrical in relation to the median vertical plane 
of the body. 
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The wide gullet leads almost vertically into the spacious 
stomach, and both are lined by a chitinous continuation of 
the exoskcleton. The stomach is divided by a transverse 
constriction into a spacious cardiac^ and a much smaller 
pyloric division, from which latter the intestine passes. The 
walls of the anterior half of the cardiac sac are thin and 
membranous, but, in the posterior half, they become calci- 
fied so as to give rise to a gastric skeleton of considerable 
complexity. The chief part of this skeleton consists of a 
median dorsal T-shaped ‘cardiac’ ossicle, the cross-piece 
of which forms a transverse arch, while its long median 
process extends backwards in the middle line. The ends of 
the transverse arch are articulated obliquely with two small 
‘ antero-lateral ’ pieces, the extremities of which again are 
articulated with postero-lateral pieces, and these with a 
cross-piece, the ‘pyloric’ ossicle, which arches over the 
roof of the pyloric division of the stomach. In this manner 
a sort of hexagonal frame with moveable joints is formed, 
and the median process projects backwards so far, as to end 
below the pyloric piece. It is connected with this, however, 
by a short ‘ pre-pyloric ’ ossicle which ascends obliquely 
forwards and is articulated with the anterior edge of the 
pyloric piece. The lower extremity of this is produced into 
the strong median ‘ uro-cardiac * *tooth ; while the postero- 
lateral pieces are flanged inwards, and, becoming greatly 
thickened and ridged, form the large ‘ lateral cardiac ’ teeth. 
Two powerful muscles are attached to the cardiac ossicle, 
and ascend obliquely forwards to be inserted into the 
under face of the carapace. Two other similar muscular 
bundles arise from the pyloric ossicle, and, passing obliquely 
upwasfiis and backwards, are also inserted into the under 
,jFace of the carapace, in the region of the cervical groove. 
The disposition of all these parts is such that w^hen these 
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muscles contract, the dorsal ossicles are divaricated, the uro- 
cardiac tooth is thereby thrust forwards and downwards, while 
the lateral teeth move inwards downwards and backwards, 
and the three meet in the middle line. The working of these 
muscles can be readily imitated by seizing the anterior and 
posterior cross-pieces with forcei)s and pulling them in the 
direction in wliich the muscles act. The three teeth will 
then be seen to come together with a clash. Thus the 
food which has been torn by the jaws is submitted to 
further crushing in this gastric mill. The walls of the 
pyloric division of the stomach are tlilck, and project like 
cushions into its interior, thereby reducing its cavity to a 
narrow passage. The cushion-like surfaces of the pyloric 
walls are provided with long hairs which stretch across this 
narrow passage, and thus convert it into a strainer, which 
allows of the passage of only very finely divided matter 
from the gastric sac to the thin and delicate intestine. 
The intestine, in both Lobster and Crayfish, is made up of 
an anterior thin-walled segment whose roof is prolonged up 
into a ccecal process, and a posterior segment which, like 
the stomach, is lined by a chitinous continuation of the 
cxoskeleton. The latter is sjiirally folded and papillose in 
the Crayfish. The anus is bounded by two valve-like 
thickenings of the cxoskeleton, which are connected with 
the adjacent intestinal wall by a series of small muscles. 
The alimentary-canal is thu.s to be resolyed into a straight 
tube of three segments ; an anterior fore-gut and a posterior 
hind-gut^ each lined by an involution of the cuticular exo- 
skeleton, and a non-cuticular mid-gut which bears the above- 
named coecal process and receives the ducts of the digestive 
gland. The digestive gland itself is the seat of the -forma- 
tion of a combustible carbo-hydrate oily material which is^ 
as it were held in reserve in its constituent cells, as well as 
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of a digestive ferment ; as these physiological activities are 
frequently relegated respectively to separate liver and 
pancreas, the single gland which here performs the two 
functions has been appropriately termed the hepato-pancreas. 

The heart is a short, thick, somewhat hexagonal, symme- 
trical organ lodged in the pericardiac sinus, to the walls of 
which it is attached by fibrous bands. In its anterior half 
three pairs of apertures are visible, two being placed upon 
the ui)i:)cr face, two at the sides, and two on the under face. 
The lateral apertures are the most ])Osterior, the dorsal, the 
most anterior in position. p]ach aperture begins in a funnel- 
shaped depression of the outer face of the organ, which leads 
obliquely inwards and terminates by a valvular slit in the 
cavity of the heart. This cavity is very much reduced by 
the encroachment of the muscular bands which constitute 
the walls of the heart, so that a transverse or longitudinal 
section shews only a small median cavity surrounded by a 
thick and spongy wall. 

During life, the heart beats vigorously, the whole of its 
parietes contracting together. From the dorsal part of its 
anterior extremity three arteries are given off, one median 
and two lateral, to the cephalon and its contents, and from 
the ventral aspect of this end of the heart an hepatic artery 
is given off, on each side, mainly to the liver. At its posterior 
end, the heart ends in a median dilatation from which two 
great arterial trunks arc given off; one, the superior ab- 
dominal artery, runs along the dorsal face of the intes- 
tine, giving off transverse branches as it goes, in each 
somite; the other, the steriial artery, immediately on leaving 
the pericardial-sinus distributes branches to the genital 
gland; it then passes ventrally, to the interspace between 
the penultimate and antepenultimate thoracic ganglia, 
passes between their commissures and divides into two 
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branches, which run, backwards and forwards, between the 
ganglionic chain and the exoskeleton. 

These arteries divide and subdivide and end in what, in 
some parts of the body at any rate, c.g. the liver, is a true 
capillary system. The veins arc irregular channels, or 
siniisesy which lie between the several muscles and viscera. 
One of the largest of these is situated in the median ventral 
line, and can be readily laid open by piercing the soft inte- 
gument which lies between any two of the abdominal sterna. 
The blood flows out of the aperture with great rapidity, and 
the quantity shed shews the size of the sinus and its free 
communication with the rest of the vascular system. By 
cutting across any one of the limbs and inserting a blow- 
pipe into tlie place wlience the blood wells forth, this ventral 
sinus can be readily injected with air. A large and irregular 
sinus is also to be found in the median dorsal region of the 
abdomen and is freely connected with the median ventral 
sinus. The stem of each branchia contains two canals, one 
running along its outer and the other along its inner face. 
The outer canal comniimicates, at its origin, with the thoracic 
portion of the median ventral sinus. The inner canal opens 
into a passage which ascends in the lateral wall of the 
thorax and opens, after meeting with other ^ branchio-cardiac' 
canals, opposite the latc^il aperture of the heart. As the 
valvular lips of this and the other apertures of the heart 
open inwards, the blood, when the systole takes place, is 
driven out of the heart through the various arteries, and a 
considerable part of the blood thus propelled into the 
capillaries is collected by the median ventral sinus and 
thence, passing through the gills, eventually returns to the 
heart. It is customary to speak of a heart such as this, 
which propels aerated blood, as systefnic, by way of dis- 
tinction from a branchial heart, which propels impure venous 
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blood to the organs of respiration. But whether the whole 
of the venous blood takes the same course, or whether 
some of it returns from the dorsal sinuses directly to the 
pericardium, is a question which is not decided. Nor is it 
certain whether the so-called pericardium is to be regarded 
as one cavity, or whether the fibrous bands, which connect 
the heart with its walls, may not subdivide it into com- 
partments in immediate communication with certain of the 
cardiac apertures, and not with the rest. 

In the I.obster, from which the blood is readily obtained 
in quantity, it is a nearly colourless Iluid, which usually has 
a faint neutral tint. It readily coagulates, a tolerably firm 
clot separating from the serum. It contains nucleated cor- 
puscles, devoid of any noticeable colour, which throw out 
very long pseudopodial prolongations, and thereby take an 
irregular stellate form. 

It has been seen that the respiratory organs, or branchioe, 
arc lodged in a chamber situated between the branchiostegite 
externally, the lateral walls of the thoracic somites internally, 
and the bases of the thoracic limbs below; and that there 
is a narrow interspace between the free edge of the bran- 
chiostegite and the latter. At the anterior end of the cham- 
ber, a funnel-shai)ed passage leadl> to the anterior opening 
mentioned above, and, in this passage, the scaphognathite 
lies like a swing door. 

During life, the scaphognathite is in incessant movement 
forwards and backwards, scooping out the water in the bran- 
chial chamber through its anterior aperture at every forward 
motion. This bailing out of the water results in the in- 
ducing of a current which flows in by the inferior and 
posterior cleft beneath the free edge of the branchiostegite, 
and thus a constant circulation over the gills is secured. 
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Each branchia is somewhat like a bottle-brush, having a 
stem beset with numerous filaments; and the blood con- 
tained in the vessels of the latter, being separated by only a 
very thin membrane from the air contained in the water, 
loses carbonic anhydride and gains a corresponding amount 
of oxygen in its course through the branchiae. 

The branchiae are exclusively thoracic, being attached 
partly to the inter-articular membranes between the appen- 
dages and the body-wall and partly to the proximal ends of 
the limbs themselves. The last thoracic appendage is gill-less, 
and the branchia present in its vicinity in the Crayfish differs 
from the rest in being attached to the cpimeral wall of the 
thorax; the Lobster has, in addition, three such gills on 
either side fully developed and functional : all or most of 
these are represented in the Crayfish by short filamentous 
rudiments, no longer functional as branchioc. The epipo- 
dites of the limbs ascend between the sets of branchiae which 
belong to each somite, and separate them. The branchiae 
which are attached to the limbs must necessarily be stirred by 
the movement of the latter, and hence the exchange of gases 
between the blood which they contain and the water must 
be, to a certain extent, increased, in proportion to the 
muscular contractions which give rise to the movements 
of the limbs and the consequently increased formation of 
carbonic anhydride. 

The excretion of nitrogenous waste goes on in the two 
large great glands which lie in the cephalon, close to the 
bases of the antennae. Each gland encircles the neck of a 
large thin-walled muscular sac which opens by a short 
canal upon the ventral face of the basal joint of the antenna. 
The gland itself consists of a coiled tube, lined by a 
large-celled epithelium and abundantly supplied with blood 
vessels. 
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The nervous system consists of a chain of thirteen gan- 
glia — ^united by longitudinal commissures — lodged in the 
median line of the ventral aspect of the body, from which 
nerves are given to the organs of sense, to the muscles 
of the trunk and limbs, and to the integument; and of a 
viscei'al nervous system, developed chiefly upon the stontach 
and hinder segment of the intestine. 

The ganglia are centres of aggregation of the nerve 
cells; of the thirteen seen in the adult the most an- 
terior lies in the ccphalon, close to tlic attachments of 
the three anterior pair of appendages, and gives branches 
to them and to the visceral nervous system. It is usually 
termed the brain or the supraocsophageal ganglion. It is 
connected by two commissural cords, which pass on each 
side of the gullet, with a larger ganglionic mass, which is 
called the suha^sophageal ganglion. This occuj)ies the 
region of the hinder part of the cephalon and the anterior 
part of the thorax, and gives otf nerves to the mandible, 
maxillce and the three i)airs of maxillipeds. Five other 
ganglia lie in the five somites which bear the chelae and the 
ambulatory limbs, and there is one for each abdominal 
somite, the last of these being the largest of the six. 

The longitudinal commissures are double, and the 
ganglia themselves shew more orTess evident indications 
of being double also. There is reason to believe that these 
thirteen apparent ganglia really represent twenty pairs of 
primitive ganglia, one pair for each somite ; the three an- 
terior pairs having coalesced preorally to form the brain; 
and the six which follow the mouth having united into the 
subo3Sophageal mass. 

The only organs of special sense which are recognizable 
in the Lobster and Crayfish are eyes and auditory organs, 
and a series of specially modified setose appendages which 
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fringe the exopodite of the antennule, and are thouglit to 
perform an olfactory function. 

The eyes arc situated at the extremities of the eyestalks, 
or ophthalmitcs, which represent the first pair of appendages 
of the head. The rounded end of the eyestalk presents a 
cleax smooth area of somewhat crescentic form, divided into 
a great number of small mostly four-sided fiicets. This area 
corresponds with the comea^ which is simply the ordinary 
chitinous layer of the integument become transparent. 
The inner face of each fiicet of the cornea corresponds with 
the outer end of an elongated transparent slightly conical 
body — the aystalHne cone — the inner end of which passes into 
a relatively long and slender co7inective rod, by which it is 
united with a spindle-shaped transversely striated body — 
the striated spindle. The inner extremity of this again is 
connected by a nerve fibre with the oj^tic bulb, the 
dilated gangliform termination of the optic nerve. The 
respective striated spindles, connective rods and crystalline 
copies, thus radiate from the outer surface of the terminal 
ganglion to the inner surface of the cornea, and each is 
se]jarated from its neighbour by a nucleated sheath, parts 
of which are deeply pigmented. Nothing is accurately 
known as to the manner in which the function of vision is 
performed by the so-called conipound eye which has just been 
described. The inner and outer faces of the corneal facets 
are flat and parallel They therefore cannot play the part 
of lenses; and, if they could, there is no trace of nerve 
endings so disposed as to be affected by the points of light 
gathered together in the foci of such lenses. Morpho- 
logically, the striated spindles and their nerve fibres and 
probably the optic bulb itself wholly or in part, are in 
many ways analogous to those elements of the retina of 
the Vertebrata which make up the layers of rods and cones 
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and the granular layers. These structures are properly 
modifications of the epidermis; inasmuch as the cerebral 
vesicle, of which the retinal elements are outgrowths, is an 
involution of the epidermis of the embryo, and, morpliolo- 
gically speaking, the free ends of the rods and cones of the 
vertebrate eye are, as in the crustacean, turned outwards. 
There is good reason for believing the crystalline cones to 
be derivatives of the investing epidermis. 

The atiditory orga?i of the T.obster and Crayfish is situated 
in the basal joint of the antennule, on the dorsal surface of 
which its small slit-like opening, protected by numerous seta?, 
is to be scon. The chitinous layer of the integument is 
invaginated at the opening, and thus gives rise to a small 
flattened sac lodged in the interior of the antennule. One 
side of this sac is in-folded so as to produce a ridge, which 
projects into the cavity of the sac, and is beset with very fine 
and delicate hair-like seta?. The auditory nerve enters the 
fold, and its ultimate filaments pass into the seta? at their 
bases. The sac contains water in which minute particles of 
sand are suspended in the manner of otoliths. 

The sexes arc distinct in the Lobster and Crayfish. The 
external characters of the males and females and the form 
of the reproductive organs arc described in detail in the 
Laboratory work. * 

Idle ovary is median and saccular, and its investing mem- 
brane is prolonged backwards to form a paired oviduct 
whose walls are glandular. Each ovicell is invested, during 
its maturation, in an epitheloid follicle of a single layer of 
cells; by the rupture of this the ripe ovum is liberated, and 
thrown off thus into the interior of the ovary it makes its 
way down the oviduct and so to the exterior. The impreg- 
nated ova are attached in great numbers, by a viscid secre- 
tion of the oviduct, to the hairs of the swimmerets, where 
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they undergo their development. A Lobster with eggs 
thus attached, is said by the fishermen to be ‘ in berry.’ 

The segmenting egg of the Crayfish differs in some im- 
portant respects from that of the Frog. The yolk material 
is aggregated in the central protoplasm, and not at one pole 
as ill the case of the latter animal, and segmentation is 
restricted to the superficial least yolk-laden protoplasm; 
the egg is at no period^ completely cleft into two parts, 
segmentation is from first to last partial or meroblastic^ a 
cellular investment being as it were formed around a central 
yolk-bearing mass. The investing cells become invaginated 
at one point to form a small sac, which remains for a time 
in open communication with the exterior. The embryo at 
this stage is to be resolved into a doublc-wallcd sac or gas- 
truhiy the intersi)ace between the two walls being filled with 
yolk. The outer layer or epiblasi eventually gives rise to 
the epidermis and its derivatives — the nervous system and 
sensiferous epithelia; the inner one or hypoblast forms the 
lining membrane of the mid-gut, and from it the digestive 
gland is formed later as a paired outgrowth — it is from first 
to last the true digestive epithelium. The cavity enclosed 
by the hypoblast in its simple sac-like condition is the 
primitive alimentary canal or archcntcrofi^ its aperture of 
invagination being ternieti the blastopore. The remaining 
constituents of the body are derived from cells which are 
budded off from one or both of the above layers. Early 
traces of the embryo are obvious in the development of the 
cephalo-thoracic appendages, which arise as paired out- 
growths of a relatively small area of the surface of the egg 
known as ger?ninal area\ there appear at the same time, 
at opposite ends of this, two median papillate outgrowths — 
an anterior one which gives rise to the labrum, and a pos- 
terior one which, by subsequent elongation and segmenta- 
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tion is transformed into the abdomen, for which reason 
it is termed the abdominal papilla. The blastopore mean- 
while becomes closed, the archenteric sac being no longer 
in communication with the exterior; to meet this latter there 
are instituted, immediately under cover of the labrum and 
abdominal papilla, median ingrowths of the epidermis 
which give rise to the lining membranes of the fore and 
hind gut respectively, their apertures of invagination per- 
sisting as the adult mouth and anus. 

The yolk does not enter conspicuously into any of the 
above-mentioned outgrowtiis; it is enclosed within the ce- 
phalo-thoracic region, which becomes thereby much dis- 
tended. The gills and branchiostegites appear late; the 
former as simple outgrowths of the body-wall and appen- 
dages, tlie latter as lateral folds of the body wall. The 
embryo which results from these developmental processes 
passes through all the stages which are needed to bring it 
very near to the form of the adult before it leaves the egg : 
but, in the Lobster, tlie young, when hatched, are larvse 
extremely unlike the i)arent, which undergo a series of me- 
tamorphoses in order to attain their adult condition. The 
larva'^ may frequently be obtained by oi)ening the eggs of a 
^ hen-lobster ^ in ‘ berry.' They have when young a rounded 
carapace, two large eyes, a jointed dbdomen devoid of appen- 
dages; and the thoracic limbs arc all provided with long 
exopodites. During^ the later metamorphoses the abdominal 
appendages appear, as that region of the body elongates 
and increases in importance; the growth of the exopodites 
of the thoracic appendages is at the same time arrested, 
those of the chela and ambulatory legs vanishing entirely 
as these appendages become specialised for locomotion. 

The ordinary growth, no less than the metamorphoses of 
the Lobster and Crayfish, are accompanied by periodical 



il] the crayfish and lobster. 189 

castings of the outer, chitinous, layer of the integument, or 
whole exoskeleton if calcified. The shedding of this is 
preceded by a process of disintegration along certain 
definite lines, such as the edge of the chela and the inter- 
articular membrane between the cephalo-thorax and abdo- 
men ; these become, during the period at which the animal 
is freeing itself, so many points of least resistance and a 
consequent rupture of them ensues. After each eedysis^ the 
body is soft, being invested in a continuous chitinous cuticle, 
and the animal retires into shelter until, by calcification of 
this, the ^ shell ’ is reproduced. 

As the hard parts of the exoskeleton are the result of re- 
placement in eartliy matter of portions of an originally con- 
tinuous chitinous cuticle, it follows that the uncalcified areas, 
which remain soft and flexible, are but persistent portions of 
the cuticular predecessor of the whole; they stand related 
to the calcified portions of the exoskeleton, as do the arti- 
cular surfaces of the long bones of the Frog’s endoskeleton 
to their ossified shafts. Special thickenings or ingrowths 
of the cxoskeleton take place at all points, for purposes 
of furnishing the surfaces requisite for the insertion of 
muscles; these ingrowths or tendons are, for the most part, 
mere tongue-shaped involutions, densest where resistance is 
greatest. The maximimf of specialization is reached in the 
thoracic region where, from metameric ingrowths of the 
sternal and cpimeral walls, a complicated endophragtnal 
system is formed. This is fully described in the Laboratory 
work. 
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LABORATORY WORK. 

Crayfish are best killed under chloroform, proceeding as 
with the P'rog. (p. 35). They may be best kept alive in a 
moist atmosphere near running water, fed upon sopped 
bread. A sink, covered with a sheet of glass, meets all 
requirements. 

A. General external characters. 

The animal is covered by a continuous exoskcleton which 
is for tlie most part calcified, the following parts are 
readily recognised : — 

a. Tlie body proper: 

a. Its anterior unsegmented portion {ccphalotho- 
rax): the great shield-like plate (carapace) 
covering the back and sides of the cephalotho- 
raxj the groove across the carapace (cervical 
suture) marking out the line of junction of head 
and thorax: the anterior prolongation of the 
carapace to form the rostrum or frontal spine, 
p. Its posterior segmented portion (abdomen): its 
seven divisions; the anterior six much like one 
another; the most posterior (tclson) different 
from the rest (Cf. p. 174). 

b. The jointed limbs (appendages) attached to the 
ventral aspect of the body: their varying characters 
in different regions. 

c. The external apertures of the body. 

a. The mouth; seen on turning aside the append- 
ages beneath the head. 


1 
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The anus; a longitudinal slit beneath the 
telson. It is bounded by two flap-like folds of 
the adjacent integument {ana/ valves), 

y. The paired genital apertures : in the male, on the 
basal joints of the last pair of appendages of the 
thorax: in the female, on those of the ante- 
penultimate pair. 

The two sexes may be at once distinguished 
from each other, apart from these apertures, by 
the following characters. The transverse diameter 
of the abdomen of the f exceeds, at its widest 
part, that of the cephalothorax ; it is the reverse 
for the The first two pairs of abdominal ap- 
pendages arc especially modified for purposes 
accessory to reproduction, in the in the } the 
second pair are normal, the first arc either very 
small or absent. 

3 The apertures of the excretory organs or green 
glands; each on the summit of a tubercle, borne 
upon the under surface of the basal joint of the 
antenna. 

€. The auditory apertures; on the flattened upper 
surfaces of the^ basal joints of the antcnnules. 

These can be better examined when the ap- 
pendages on which they arc situated have beeit 
removed. 

B. The exoskeleton and appendages. 

Note that the exoskeleton forms a continuous invest- 
ment for the whole body {axial portion) and its ap- 
pendages {appendictilar portiofi)\ it is for the most j^art 
calcified, but it remains soft and flexible where freedom 
of motion is required. 
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I . The typical abdominal segment. 

Isolate, by carefully dissecting it away from its 
fellows, the third abdominal segment and its ap- 
pendages. Pick away its contents and examine — 
a. The segme?it p7‘oper: arched above; flattened 
below. It may be subdivided into 
a. a dorsal tergiintj the anterior smooth portion of 
which is overlapped by the preceding segment, 
in extension of the abdomen. 
ji. The ster7ium: that portion of the ventral surface 
which lies between the points of attachment of 
the appendages. 

y. The epimenvi: the portion of the ventral surface 
which lies on each side immediately external to 
the attachment of the appendage. 

This region is very short and passes almost 
directly into the inner wall of 
8. the pkiiroi; a free wing-like downgrowtli of each 
lateral wall of the somite, seen, in section, to 
be formed by both tergum and epimeron. Note 
the smooth anterior half of the jflciiron; it is 
overlapped by the one in front during flexion of 
the abdomen, much as is tlic tergum during 
extension. 

€. The etrticu/ar facets; small tubercles developed, 
one on either side, from the anterior edge of the 
base of the tergum, immediately above the 
pleuron. They fit, during life, into correspond- 
ing recesses of the posterior border of the tergum 
in front. 

l\ The appendages or s7vvnnieretSy one on each side: 
the structure of each — 
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a. The short two-jointed basal portion {protopo- 
dite)y consisting of a shorter proximal and a 
longer distal piece. 

/J. The flattened lameline attached to the distal 
joint of the protopodite, an inner {endopodite) 
and outer (exopodite). 

2. The structure of the cephalothorax. 

a. Note again the carapace, with its frontal spine and 
cervical suture. 

b. Turn the animal over and note the narrow sterna 
of the thorax; they arc laterally compressed, as the 
resu t of the great development of the basal joints 
of tlie appendages. 

The sternum of the last thoracic somite is not 
completely ankylosed with the one in front in the 
Crayfish. In the Lobster it is. 

c. Raise with a pair of forceps the free edge of the 
lateral expansion of the carai)ace which overlies the 
bases of the thoracic appendages: note that it is 
formed by the large united pleura of the thoracic 
segments, and overlaps a chamber in which the 
gills lie. It is termed the hranchiostegite ac- 
cordingly; its ventral edge is smooth in the Cray- 
fish, it is notched metamerically in the Lobster. 

d. Make a transverse section across the thorax, im- 
mediately behind one of the larger appendages; 
boil for five minutes in weak solution of Caustic 
Potash and pick away the soft parts, until quite 
clean. Examine under water, and note, as com- 
pared with the corresponding section across the 
abdominal segment — 


M. 


13 
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a. The sternum; its middle portion is laterally 
compressed (cf. A). It gives off (for each seg- 
ment) two ingrowths or endosteniifes, which arise 
close together, immediately internal to the bases 
of the appendages. 

(i. The tergiim; arched above, prolonged down on 
either side to form the outer limb of the 
branchiostegite. 

If examined carefully, there will be seen 
arising from the cervical groove, close together 
near the middle line, two small tubercles or 
endotergitcs. They are most fully developed in 
the I-robster. 

y. The epimera, P^ach is vertically elongated — 
pushed up as it were upon itself — to form the 
inner wall of a great chamber {brafichicil 
chamber) lying under cover of the branchio- 
stegite. From it the inner limb of the branchio- 
stegite is derived. 

Note the e 7 idopl€urites ; ingrowths of the op- 
posite epimeral walls, which abut against the 
upper and outer borders of the endosternitcs. 
These, with the endosternitcs and cndotergites 
above mentioned, are, one and all, ingrowths 
of the cxoskeleton, developed in connection 
with muscular attachment. Cf. Sect. C. 2. 

S. The hrarichiostegiie ; its outer limb is dense and 
calcified, its inner one is very delicate, largely 
chiti|3i0us and hirsute. 

3. The telson. 

Its whole tergal area is densely calcified, its sternal 

one is largely chitinous. It bears, in both Lobster 
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and Crayfish, two lateral spines; in the latter animal 
it is segmented, at the point of origin of these, into 
two portions — an anterior one, the tergal surface of 
which remains largely chitinous, and a terminal post- 
nnal one, which is completely calcified. 

I'he perianal area is calcified on opposite sides, to 
form a couple of anal plates; they are most marked 
in the Lobster. 

Note the delicate seia\ which fringe the free border 
of the tclson. 

4. The appendages. 

Rem(; 'e the entire set from one side of the body in 
the order enumerated below, cutting through the 
inter-articular membranes close to their points of 
attachment to the axial skeleton. 

l^xamine under water, posterior face upper- 
most. 

a. The third abdominal appendage. Its general charac- 

ters have been described (t. /a); examine in 
detail— - 

a. Its protopoditc ; made up of two segments — a 
shorter proxipial hip-segment or coxopodite^ and 
Tt long distal one {basipodite) which forms a base 
of articulation for the exopodite and endo- 
podite. 

/I. Its endopodiie (the longer of the two terminal 
portions). It is subdivided into two segments 
of equal length — the basal oinfiB is continuously 
calcified, the terminal one is multi-articulate. 

y. Its exopodite; relatively shorter than (3, It also 
is subdivided into a single basal and a terminal 

13—2 



KLExMENTAKY BIOLOGY. [CHAP. 

multi-articulate segment; the former however is 
but a fourth the length of the whole. 

Examine under a low power, and note that the 
calcifications of the multi-articulate segments 
are incomplete; they are restricted to their 
outer borders. Both exopodite and endopodite 
will be found to be fringed with delicate setae. 

The above description applies equally to both 
Lobster and Crayfish, except that in the former 
animal the whole appendage is more foliaccous 
and paddle-like. 

b. The second 7naxiUipede (second appendage in 
front of the great chela), as compared with a, 

a. Its protopodite; its two segments are short and 
ecpial in size. The distal one furnishes the base 
of articulation for both exopodite and endopo- 
dite; the proximal one is prolonged out into a 
delicate lamella or epipodite (not represented in 
d) which bears a well-defined gill. 

/I. Its endopodite, T"his now forms the main por- 
tion of the whole limb, it is subdivided into 
five segments; a basal ischiopodite ; an elongated 
laterally compressed ineropodite; a small carpo- 
podite; an expanded propodite^ and a short 
terminal dactylopodite. The inner edge of the 
dactylopodite is beset by a series of sharp 
spines; the rest of the endopodite is partly 
fringed in setce. 

y. Its exopodite^ long and filamentous; its structu- 
ral features recall most nearly those of the 
endopodite of the abdominal appendage. 
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The above description applies equally to both 
Lobster and Crayfish, except that in ihe former 
animal the epipodite and gill are in no way con- 
fluent. 

c. 'The third maxiUipede. Its protopodite ; much as in 

except tliat its distal segment is ankylosed with 
the basal one (iscliiopodite) of the endopodite. 
Its endopodite; greatly increased in size and im- 
portance, as compared with that of A The five 
segments enumerated for h can be recognized ; the 
ischiopoditc is the longer of tlie series, the others 
become relatively shorter in proportion as the free 
one’ of the appendage is approached. The inner 
edge of the iscliiopodite is beset by a single series 
of crushing teeth. Its exopodite ; structurally identi- 
cal with that of but considerably shortened up. 

Note the presence of a tuft of long seta) {coxo- 
poditic setip) arising from the base of the epipodite. 

In the Lobster, the ischiopoditc bears two rows of 

teeth and the mcropodite one row. 

d. The great chela ; much larger and more powerful 
than the last appendage, but resembling it in 
general structure^ and in the ankylosis of its ischio- 
podite and basipodite ; it also carries a gill. 

The exopodite is entirely suppressed. The 
iscliiopodite is relatively short, the meropodite and 
propodite being, as in the longer of the series of 
segments. The propodite; greatly enlarged and 
prolonged outwardly to form, with the dactylopo- 
dite, an opposable forceps {chela). 

The four posterior thoracic appendages {ambulatory 
appendages). 
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All are, like destitute of exopodite. All arc 
elongated, the proportionate lengths of the several 
segments being identical with those of d. The first 
and second pairs are chelate, and the first three 
bear both a gill and an epipodite. 

The fourth; destitute of both gill and epipodite: 
when at rest it is backwardly directed. 

In the Lobster, the gill borne by each of the above 
appendages is, like that of distinct from the cpi- 
poditc. 

The genital orifices are iDorne upon these ap- 
pendages. They have been described at A. c. y. 

The abdominal appimdages, other than the third pair 
(described at d). 

a. The fourth and fiftli pairs : closely reseml)ling 
the third, functional as swimmerets. 

/3. The sixth pair, modified to form, together with 
the telson, a tail-fin. The protopodite : re])rc- 
sented by a single short strong segment. (In 
the lobster there is a second incomplete basal 
segment) The exopodite and endopodite : 
wide plates fringed with setm. The exopodite ; 
divided into two portions by a transverse joint : 
the free edges of its proximal portion are markedly 
serrated. The endopodite ; continuously calci- 
fied; its proximal internal surface is beset, in 
the Crayfish, by a patch of short setje, which 
play, during life, upon a corresponding hirsute 
area of the under surface of the telson. 

y. The second pair. Cf. Sect. A. c. y. 

Closely resembling the third in the female. In 
the male the endopodite is much modified; its 
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terminal multi-articulate segment being shortened 
up, in proportion as its basal one is elongated. 
The latter is here at its maximum for the whole 
abdominal series; it is produced up into an 
accessory piece, which is segmented off and 
modified to form a plate, rolled upon itself so 
as to enclose a demicanal, concave inwardly. 

In the Lobster, this accessory process of the 
basal segment of the endopoclite is still more 
]narked. 

8. The first pair; in the female rudimentary, ex- 
ceedingly variable in size and not unfrequently 
absent altogether : except in very rare cases the 
exopodite is supi)ressed. In the male the exo- 
podite is invariably absent, the protopoclite and 
endopodite become ankylosed and terminate in 
a plate rolled upon itself. In the Lobster the 
terminal division differs slightly from that of the 
Crayfish. 

ji/*. The first niaxiUipede. Its protopodite, flattened 
and foliaceous, its two segments well defined ; its 
exopodite, substantially identical with that of a ; 
its endopodite, ^reduced to a small two-jointed 
structure, lying under cover of the basal joint of 
the exopodite; its epipodite, fully developed but 
destitute of a gill. 

In the Lobster, the reduction of the endopodite is 
far less marked, 

1 

//. The second maxilla. Its protopodite, foliaceous 
like that of but pectinated internally ; its endo- 
podite, elongated and filamentous, its free end is 
recurved to form a hook-shaped process which, 
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during life, is received into a recess of the mandible. 
Its epipodite; well developed, and united in front 
with a lamina, which probably represents the exopo- 
dite, to form a wide oval plate {scaphognathite) which 
lies at tlie anterior end of the gill-chamber (Cf. 
Sect. H. r. and p. 182). 

If tlic above appendage be examined in the living 
[uiimal, it will be found that with every movement 
of the scaphognathite there is a corresponding pull 
upon its filamentous endopodite. 

The first maxilla. Epipodite and exopodite un- 
developed. The endopodite is reduced to the 
condition of a small squame; its protopodite is 
foliaceous and two-jointed, tlic basal segment 
(coxopodite) being blade-like and recurved, with 
its free end inserted, during life, into the oral 
aperture. (Cf. Sect. E. (id.) 

In the Lobster, the endopodite is large and seg- 
mented. 

The mandible. Its strong toothed basal-joint {pro- 
topodite) bearing a small appendage {the palp) whicli 
represents the endopodite ; epipodite and exopo- 
dite unrepresented. 

The antenna. Its two-jointed basal portion {pro- 
topodite) bearing a flattened protective squame (the 
modifieef exopodite) and a long multi-articulate 
filament {the endopodite)^ the two basal segments of 
which are greatly enlarged and modified for pur- 
poses of articulation. Note the opening of the 
green gland (Cf. Sect. A. <r. S) on the under side of 
the basal joint of the protopodite. 
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The distal segment of the protopoditc (basipo- 
dite) is subdivided into two ; the outer segment is 
squamous in the Lobster. 

in. The antennnie. Its large three-jointed basal seg- 
ment {protopodite)^ bearing a pair of inulti-articulato 
filaments {endopoditc and exopodite) : the opening of 
the auditory organ, in the midst of a tuft of setoe 
on the upper surface of the basal joint. The exo- 
podite, the longer of the two jointed filaments, is 
carried erect during life (it bears sensory seUe. 
Cf, Sects. A. c. €. and K. 2) 

n. The ophlhalmite or eyestalk. A short two-jointed 
structure whicli appears to represent the protopo- 
dite of an ai)pendage. (Cf. Sect. K. 3 c.) 

5, Remove that half of the body from which the ap- 
jDendages liave been dissected, thus reducing the 
whole to the condidon of longitudinal vertical section; 
boil for a few minutes in weak solution of Caustic 
Potash, pick away the soft parts and examine from 
within. 

a. The inter-ariicidar membranes ; flexible, persistently 
uncalcified, portions of the exoskeleton. Note that 
(in the Crayfish), between the two last thoracic 
sterna. (Cf. Sect. B. 2 b) 

b. The endophragmal system. Each set of endoster- 
mites and endotergites of which it is composed (cf. 
Sect. B. 2d,) are seen to arise in the same plane; 
each endosternite slopes forwardly, carrying with it 
the anterior limb of its corresponding endotergite, 
the posterior limb of the one in front passing back to 
meet it. The points of apposition of the successive 
sets of elements alternate with those of their origin. 
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c. The pro-ccphalic process; a tongue-shaped ingrowth 
of the exoskelcton, at the base of the rostrum. 

d. The thoraco-abdombial link work; a somewhat com- 
plicated system of bars, passing between the last 
two thoracic sterna and a special process of that of 
the first abdominal segment. 

The aperture of the nionth; bounded by the man- 
dible— note thcmatural relations of the latter. The 
upper-lip or labrum and the lower-lip or vietastoma 
will' be seen, as imcalcified x^^olongations of the 
sternal skeleton/ situated, respectively, in front of 
and behind tlie mouth. Compare the same as 
looked at from beneath, in an uninjured specimen — 

tt. The labrum ; a shield-shaped i)late calcified mar- 
ginally. 

/?. The mctastoma ; composed of a median fold, pro- 
duced on either side into a blade-like process, 
which simulates the basal joint of the first maxilla. 

/. Note the limits of the several segments of the axial 
skeleton, and the mode of articulation of each upon 
its fellow and of the appendages upon each. 

6. The histology of the exoskeleton. 

a. Make a thm longitudinal-vertical section of any of 
the inter-articular membranes, and examine in water 
under a high power. It consists of a highly elastic 
membrane, traversed longitudinally by regularly 
disposed clear strice ; if pressure be applied to the 
cover-slip, the layers obvious as the above-named 
striae will be found to be denser and more resistant 
than the intervening ones, ie. the whole is composed 
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of chitinous material, deposited in layers, alternately 
denser and less dense. 

b. Compare a similar section of any calcified portion 
of one of tlie appendages, ground down orf a hone 
(see Appendix E.). A similar longitudinal striation 
is obvious. 

Examine the iieripheral area ; the striae — but a 
tenth the diameter of those seen in the main mass — 
are closely aggregated; the free surface is invested 
in an uncalcified epiostraaon , The whole is per- 
meated by a close set series of wavy pore-cafials^ 
iisuaiY filled with air in the process of manipula- 
tion, aitd rendered thereby highly refractive. 

Com]')are tangential sections, made in a similar 
manner. The pore-canals will be obvious as minute 
black-dots, closely (in places irregularly) aggregated 
together. 

An aggregation of the striio, identical with that 
described above, is frequently met with on the inner 
side also. 

i. Cut a longitudinal vertical section of a piece of the 
exoskeleton, together with the underlying in- 
tegument, which has been decalcified by treatment 
with I ^chromic acid solution. Note, in addition 
to the structural features already described — 

a. The ; each is an uncalcified outgrowth, 
usually arising at the base of a shallow pit. 
They vary greatly in size and detailed structure in 
different parts of the body ; the commoner forms 
end in a pointed extremity, fringed with lateral 
'hairlike filaments. 
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)8. The integimcnt ; largely composed of branched 
nucleated granular cells: the outermost giving 
off a large number of short processes which pene- 
trate a short way into the cxoskeleton. 

Prolongations of it extend into the setm and 
into all skeletal outgrowths. 

The ischiopodite of the third maxillipcde may 
be preferably utilized, as, in it, all gradations from 
seta to spine and from spine to tooth can be 
readily followed. 

C. The muscular system. 

1. Detach one of the great chelie from the body and lay 
bare its interior. The enlarged base of the propodite 
will be found to lodge two muscles, which pass be- 
tween it and the dactylopodite ; they are — 

a* A larger adductor^ arising from the outer side. 

b. A smaller abductor^ arising from the inner side. 

2. Remove the superficial portions of the two muscles ; 

there will be found lying within each a central tendon — 
a plate-like ingrowth of the exoskeleton, towards which 
the muscular fasciculi converge. Remove all the soft 
parts and examine — # 

a. The tendons in relation to the dactylopodite; 
they are ingrowths of the opposite sides of its 
base. 

/ 3 . The articular facets and interarticular membranes ; 
so arranged as only to admit of motion in one 
plane (abduction and adduction). 

3. Examine the remaining segments of the appendage. 
Note that — 
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a. The relations between any two of them are identical 
with those described above, motion being possible 
in only one plane. 

Ik The individual segments are incapable of rotation 
upon each other. The limb as a whole can be 
rotated ; owing to the variation in the angles of 
inclination of its several joints. 

Make a median longitudinal section of the whole 
body, similar to that described in Sect. B. 5 ; pick 
away the viscera under water, wash and examine 

a. The flexor abdominis muscle ; a })owerrul mass, ex- 
tending from the anterior border of the thoracic 
epiineron and endophragnial system to the base of 
the telson. It arises by a series of slips, which 
wind round each other in a highly characteristic 
manner and are inserted into the abdominal sterna. 

b. The extensor abdominis ; a much less powerful 
muscle, arising immediately above a. Its fasciculi 
are inserted into the abdominal terga. 

c. The ItTafor abdominis ; arising, immediately above 
the extensor, from the antero-dorsal border of the 
thoracic epimeror^ It passes obliquely backwards, 
to be inserted, laterally, into the first abdominal 
segment. 

This muscle is continuous with a series of fibres 
which skirt the entire anterior border of the thoracic 
epimeron and attach it to the cervical groove. 

Note that the parts of the axis are, like those of 
the appendages, capable of motion only in one plane. 

d. The adductor muscle of the mandible ; a powerful 
fan-shaped mass, passing obliquely upwards from 
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the hinder border of the mandible, to be attached 
to the cephalic shield, slightly in front of the cervical 
groove. Note its powerful tendon. 

Small muscles will be seen, passing from the man- 
dible and antennary organs to the adjacent exo- 
skeleton. 

i’. Lay bare the basal portion of the great chela, and 
note the relations of its muscles. They arise from 
the endophragmal system, and are attached to 
tendinous ingrowths of the ai)pcndage itself similarly 
to those described in § 2. 

1). The general disposition of the viscera. 

r. Place the animal on its ventral side and pin down 
under water, inserting the pins through the tall fin 

.and bases of the chelse; remove the whole tergal 
skeleton and with it the extensor abdominis muscle. 
Note in order — 

a. The alimmtary canal ; a straight tube, running the 
whole length of the body in the middle line. It is 
greatly enlarged in front to form the so-called 
stomach, which fills the greater portion of the 
cephalon. 

A The heart ; a slightly yellowish pentagonal organ of 
delicate texture, lying above a in the middle thoracic 
region. 

c. genital gland. In the female, a yellowish brown 
mass ; in the male, a whitish tongue-shaped mass ; 
lying immediately beneath b. 

It varies in size and character with the season of 
the year. (Cf. Sect. G.) 

d. T\\t genital duct. In the male; a highly convoluted 
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dead-white tube, immediately external to r. In the 
female ; a short membranous tube, only visible at 
this stage with difficulty. 

t\ The digestive glaiid; a yellow pulpy-looking mass, 
filling up the interspaces in the cephalothorax ; it 
is most obvious in front of the genital apparatus. 

/ 'I'hc excretory organ (green-gland) ; a paired delicate 
green structure, lying, at a low level, in the extreme 
anterior end of the cephalic cavity. It can be at 
once seen on slightly displacing the stomach. 

Note, incidentally. 

tt. Tl^e adductor mandibuli muscle; a large oval 
fleshy mass, lying immediately external to the 
stomach (cf. Sect. C. 4^/.). 

fl. The extensor abdominis muscle ; its cut ends will 
be found, attached to the thoracic epimera. 

y. gastric muscles ; passing from the stomach to 
the adjacent exoskeleton (for details see Sect. K). 

fl The integument (hypodermis) ; a delicate dark red 
layer, lying immediately under cover of the 
exoskeleton. 

c. The body-cavity; o])vious as an ill-defined chamber, 
within which the various organs of the viscera are 
contained. 

C The respiratory organs ; seen^ ^ying within the 
branchial chamber \ they are exclusively thoracic. 
Follow the cut edge of the branchiostegitc. 

E. The alimentary organs. 

I. Dissect from the tergal aspect, as directed for Sect. D., 
and remove the heart and reproductive apparatus. 
Examine — 
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a. The sio7nach ; it is marked off by a transverse con- 
striction into a large cardiac chamber and a small, 
posterior, pyloric one. 

/>. The intesimcy a straight tube leading back to the 
anus; its wall is thrown into a series of shallow 
folds, which take a longitudinal and slightly spiral 
course. 

c. The coeciim ; a median dorsal upgrowth, immediately 
behind the stomach. It is directed obli(iuely for- 
wards. 

In the Lobster, this is situated far back, near the 
anus. 

2 . Some small muscles will be seen attached to the roof 
of the stomach. Remove these. In doing so, note 
that there comes away with them the soft cellular wall 
of the viscus, under cover of which there is seen a 
chitiuous lining. Examine the latter with care ; it will 
be found to be calcified to form a series of ossicles, 
related as under. 

a. The antero-dorsal (cardiac) ossicle ; a transverse bar, 
extending across the roof of the cardiac chamber. 

b. The postero-dorsal (pyloric) ; similarly related to the 
roof of the pyloric chamber as is a to that of the 
cardiac one. 

i\ The anterodateral (lateral-cardiac) ossicles ; two 
small hammer-shaped pieces, abutting, one on either 
side, against a. 

d. The posterodateral (lateral-pyloric) ; two long bars, 
similarly related on either side to b as are c to a. 

They extend forwards to meet the antero-lateral 
ossicles. 
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e. The an/ero-median (urocardiac) ossicle; a long 
tongue-shaped bar, passing back, from the antero- 
dorsal one, in the middle line of the roof of the 
cardiac chamber. 

/. The postero-medum (prepyloric) ; a similar but 
shorter bar, arising from the postcro-dorsal piece. 
When the parts are at rest, it passes obliquely down- 
wards and backwards, meeting the antero-median 
under cover of the i^ostero-dorsal. 

It will he observed that the above-named parts 
form a repetitional series ; the roof and side walls 
o;' each chamber arc calcified to form a dorsal trans- 
verse, a median, and a pair of lateral ossicles, the 
two latter sets articulating with each other. 

jf. The digestive giarid ; a paired mass, roughly trilobed, 
on either side. It is an aggregation of short 
cceca. 

Carefully dissect away its upper half on one side, 
until a spacious ccnt7'al dud is reached, around 
which the glandular cceca are seen to be arranged. 
Wash until (juite clean, and look for their orifices. 

Follow the duct inwardly ; it enters the head of 
the intestine by a wide aperture, immediately in 
front of the coecum (i. r-). 

3 . Place the animal on its side and remove the exposed 
half of the body and the digestive gland, so as fully 
to lay bare the entire alimentary canal. 

The cellular wall and certain muscles will be seen 
as before ; remove these, and examine the chitinous 
lining and its associated structures. Note, in addition 
to the parts described above, the following. 


M. 
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a. The gastrolith ; a discoidal stony-mass, interposed 
between the cellular and cuticular layers of the 
anterior cardiac wall. 

This is developed only in the summer season ; an 
underlying thickening of the chitinous cuticle is in- 
variably present to mark its position. 

b. The postero ve?tiral ossicles ; delicate vertically elon- 
gated bars in the hind wall of the cardiac sac. 

c T'he accessory lateral ossicle; a small l:)ar, extending 
backwards and downwards from the ])oint of junc* 
tion between the two main lateral ones. 

(L The intestine, the orifice of the digestive duct and 
the ccecum. (Cf. supra.) 

4. Reduce the whole gut to the condition of nicdiau 
longitudinal section^ by carefully removing the exposed 
half with scissors ; wash until quite clean and examine 
under water. 

a. gullet ; a spacious tube placing the stomacli in 

communication with the exterior. Note its re- 
lations to the mouth. 

A The median cardio-pyloric valve ; seen, in section, 
as an iqigrowth constrictmg the passage from the 
cardiac to the pyloric chambers. 

c. P'ollow tlie cut edge of the chitinous lining of the 
stomach; note 

a. That it is continuous at the oral aperture with 
the cxoskeleton. 

That it ends abruptly, in front of the orifice of 
the digestive duct; terminating in a series of 
valve-like processes, one of which can be very 
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readily seen to project backwards and down- 
wards immediately in front of the intestinal 
ccecum. 

J, Examine, in like manner, the cuticular lining of tbf‘ 
intestine. 

a. It is continuous with the cxoskeleton, at llie anal 
orifice. 

/S. It terminates abruptly, in a thickened border, 
immediately posterior to the ceeciim. 

y. Examine it under a lens ; it is folded longitudinally 
and slightly spirally and beset by a number of 
siiort papillcc. 

Examine the middle segment of the alimcmary canal 
(head of the intestine) : it is destitute of chitinous 
lining; it bears the coecal appendage and receives 
the digestive ducts. 

/. Examine the interior of the stomach ami note tlte 
characters and relations of the gastric teeth. 

tt. The median tooth ; a triangular red-brown struc- 
ture, set on at the point of apposition of the two 
median ossicl es. 

It will probably be seen in section. 

The lateral tooth ; larger but similar in character, 
and situated (when at rest) iif front of and below 
a. It is carried by the postero-lateral ossicle. 

y. The accessory lateral tooth; a small denticle, borne 
upon the posterior end of the accessory lateral 
ossicle (§ 3. c). 

g. The lateral cardio-pyloric valve; a thickening of 
the side wall of the stomach, immediately below 


14 — 2 



2 ELEMENTARY BIOLOGY. [CIIAP. 

the lateral tooth. Examine it under a powerful 
hand lens ; it is beset by short stiff setoe. 

5. Carefully remove the alimentary canal, cutting the 
gullet through close to the stomach ; slit open longi- 
tudinally from beneath, and examine the interior under 
water. 

(1. The crushing su?'faccs of the lateral teeth ; note that 
they approximate anteriorly, being obliquely set. 

if. Seize the opt)Osite ends of the stomach between two 
pairs of forceps and pull them apart. Note that 
with the divarication of the cardiac and pyloric 
ossicles the median tooth is elevated (dei)ressed in 
life) to meet the lateral ones, which are at the 
same time rotated inwardly and slightly backwardly. 

c. Examine the free border of the chitinous lining; 
the pyloric valves (4. c. can be well seen from 
this aspect. 

6. Isolate the stomach of a fresh specimen, together with 
the adjacent mouth organs. Dissect from the front and 
remove the anterior lialf, cutting through the gullet 
below and the cardiac ossicle above. Wash out the 
food contents and examine under water. Note — 

a. The median and lateral cardio-pyloric valves 
(§ 4. b and g ) ; they form an efiicient straining ap- 
paratus. 

b. The gastric teeth. Note that they meet, when in 
action, wholly in front of a. 

c. The lesser cardio-pyloric valves ; three small setose 
eminences, on either side, adjacent to the lateral 
teeth. 
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iL Note incidentally — 

a. The metastoma ; its lateral lobes are seen to be 
outwardly directed. 

/?, The coxopodites of the first maxillae \ two blade* 
like structures, curving round the bases of a to 
reach the gullet (cf. Sect. B. 4. /). 

y. Tlie relations of the gastrolith, if present. 

7. The Gastric muscles. Ail are paired, those of one 
side are alone described. Dissect the cephalo-thoracic 
region from the side, removing the exoskelcton and 
bodv-wall to tlie level of the })ro-cephalic process 
(p. 202). Exami nc, in the order given, the extrinsic mus- 
cles. A spirit specimen may be used with advantage. 

a. 'riic anterior and posterior gastric nmscles (divari- 
cators of the gastric skeleton). Those of the ex- 
posed side will be seen — the anterior; arising from 
the roof of the cardiac chamber (cardiac ossicle) 
and inserted into the pro-ceplialic process : the 
posterior; arising similarly from the roof of the 
pyloric chamber (pyloric ossicle) and inserted into 
tlie carapace, immediately in front of the cervical 
groove. 

h. The levator muscles. 

a, A conical mass, arising from the roof of the py- 
loric chamber, immediately in front of the ccecum. 
It is attached to the cervical groove {endotergite, 
Sect. B. 2. d. ( 3 ). 

/ 3 , Two thin strips, arising from the side wall of the 
cardiac sac, and inserted above into the mid- 
cephalic region of the carapace. They cross 
each other on nearing their insertions. 
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c. The depressor muscles. T'hree sets are obvious — 

tt. Two delicate strips, arising from llie cardiac sac, 
immediately above the gullet. They pass ob- 
liquely forwards and downwards, converging as 
they do so, to be attached to the sternal skeleton 
immediately in front of the labrum. 

A small slijj, arising from the extreme posterior 
wall of the cardiac sac, and ])assing downwards 
and inwards to unite with its fellow of the oppo- 
site side, prior to its attachment to tlie anterior 
end of the endoi)hragmal system. 

y. A long slip, arising from tlie ventral wall of 
the pyloric sac, and passing between obliquely 
forwards and outwards. It is inserted close to 
the base of the gullet. 

d. The dilator muscles ; small fan-shai)e{l tracts, arising 
from the gullet and attached — 

a. the anterior ones, to the adjacent exoskcleton ; 

p. the posterior, to the endophragmal system. 

The upper anterior one may receive a depressor 
slip. 

The intrinsic muscles. Carefully dissect off the le- 
vator and depressor fibres described above and ex- 
amine — 

e. The ^reat constrictor ; a large sheet investing the 
postero-ventral half of the cardiac sac (a seeker can 
be readily inserted beneath it). Its filires are seen 
to be interrupted by the intervention of the postero- 
ventral ossicles (3. b") to which they are attached. 

f. The lesser constrictors ; of these there are two sets. 
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a. Two tracts of fibres, arising from the head of the 
postcro-ventral ossicle and attached — the slender 
ventral one to the base of the anterodateral 
ossicle; the fan-shaped dorsal one to the ])Ostero- 
latcral ]:)ar. 

(3. A slieet of fibres, investing the side wall of the 
pyloric chamber and usually broken up into three 
fasciculi. 

The above-named constrictor muscles exercise 
a direct control over the cardio-pyloric and other 
‘^valves of the straining apparatus. 

7. The cardio-pyloric muscles ; two delicate sheets, 
seen, on carefully removing the cellular roof of the 
stomach, to pass obli<piely forwards and inwaids 
from the lateral-pyloric to the cardiac ossicles. 

y;. The ajial muscles ; extremely delicate tracts, ])assing 
between the anal valves and the immediately ad- 
jacent wall of the intestine. 

8. The digestive gland. Its general characters have 
been prcwdously described. 

a. Tease out a bit in water; it is made up of ccecal 
tubes, whicli « seen to be lined by a large celled 
epithelium. 

A Submit a small piece to the a/:tion of i solution 
of Osmic Acid until well blackened. Examine in 
water under a high power ; many of the cells will 
be found to contain a fatty product, deposited in 
globules, blackened under the action of the reagent. 

c. Prepare (as directed in the Appendix) transverse 
sections of the frozen gland ; transfer them, as cut, 
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to a glass slide bearing a drop of Osrnic Acid solu- 
tion ; wash, when sufficiently stained, and examine 
under a high power. 

Note that the cells are arranged In aggregates 
and flattened, as the result of mutual compression. 
Look for — 

a. Hepatic cells ; characterized by the presence of 
fatty globules, differentiated as at A Their nuclei; 
rounded or oval, each frectuently surrounded by 
a clear refractive halo. 

Ferment cells ; each containing a single large 
secretory globule, which does not decompose the 
Osmic Acid. Their nuclei ; larger than those of 
a and oval, they usually contain a single nu- 
cleolus. 

The larger of these cells (the older of the series) 
will be found in or near the middle of each group. 

Compare similar sections of material, hardened in 
alcohol and stained with borax-carmine. The nuclei 
of the hepatic cells stain with great intensity. Look 
for stages in the elaboration and discharge of the 
secretory product of the ferment cell. 

1'. The excretory-organ or green* gland. 

r. Dissect from the left-side, and remove the greater part 
of the exposed, cephalic shield. The entire organ lies 
in the extreme front part of the cephalo-thoracic 
cavity, immediately in front of the gullet (cf. Sect. D.y]). 
It consists of — 

a. The glandular segment ; a soft greenish mass, po- 
sition as above. 

A The inuscidar segment ; a distensible sac, overlying 
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a. It may be rendered the more obvious by in- 
flation from the excretory orifice (Sect. B. 4. /.). 

Having inflated in, lay open the Ijasal joint of 
the antenna ; on entering this, the neck of the sac 
becomes constricted and duct-like. 

2. Tease up a small portion of tlie glandular segment in 
cosin solution; examine under a high-power. It is 
largely composed of a coiled tube, lined by a S(]uare- 
cclled epithelium. 

(k The reproductive organs. 

These differ in detail, in the Crayfish and the I.obster. 
They li ^ jiartly ventral to the heart ; their general re- 
lationsliips have been dcscril)ed (Sects. A. and D.). 
Dissect the ceplialo-thoracic region from the tergal 
aspect, and remove the heart. Examine the genital 
apparatus in situ, 

1. The uia/c organs. 

a. The testis. A median greyish-wliite mass, bilobed 
anteriorly, 

A The two deferentia^ arising where the posterior 
lobe of the testis meets the two anterior. Each is 
narrow near the ^il^-nd; its calibre increases as it 
proceeds back from it, and, becoming extremely 
convoluted, it finally ends at the genital opening on 
its own side (Sect. A. c. y). 

These ducts generally contain a dense milk-white 
product, secreted by their glandular lining {sj>er- 
matophoral glands). (Cf. Sect. L. i. A) 

In the Lobster, the testes are two long tubes which 
extend back into the abdomen. Their posterior 
portions meet in the middle line, but in front they 
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diverge, and at about one fourth the length of each 
from its anterior end a short transverse branch unites 
the two. Tlie vas deferens arises a little in front of 
the middle of each testis and passes without con- 
volution towards the genital opening. Its distal half 
is dilated. 

c. Tease out a bit of the testis in water, and examine 
witli obj. : it will be seen to be composed of 
glandular tubes terminating in grape-like saccula- 
tions. In it or in the vas deferens ripe spermatozoa 
may ]:)e found : they are motionless and have the 
form of discoidal cells provided with long radiating 
processes. Stain with eosin, each will be seen to 
contain 

a. The aimulatc corpuscle ; a transparent ring, lying 
within the middle of cell body. 

The oi^al corpuscle ; a granular mass, lying to one 
side of lU 

In the Lobster the spermatozoa are also motion- 
less ; each consists of an elongated cell, from one 
end of which three rigid pointed processes radiate. 

2 . The female organs. 

a. T1ie ovary ; in shape vi^ry similar to the testis of 
the male, being bilobed anteriorly. 

b. The oviduds : two short ducts which, like the vasa 
deferentia of the male, are directly continuous with 
the genital gland. They pass directly downwards 
to the genital openings, and can be at once seen on 
displacing the anti-ijenultimate walking legs to one 
side (Sect. A. c. f). 

The oviduct is, like the vas deferens, lined by a 
glandular epithelium (cf. Sect. L. d). 
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In the Lobster the ovaries arc elongated and j)ro- 
longcd into the abdomen. Each is a dark green 
mass, and near their anterior ends the two meet in 
the middle line and remain confluent for a short 
distance. An oviduct arises from each ovary a littk: 
in front of its middle, and passes directly to the 
genital opening of its own side. 

3. The genital organs, having been first examined in 
situ as above directed, may be i)rofitabIy compared 
side by side, after removal from the body, together 
with their related appendages and thora('ic sterna. 

A higlily instructive view of tliem may be obtained 
from t'-e side, dissecting as dire('ted for Sect. I. 3. 

4. T.ay open the ovary from tlie dorsal aspect and wash 
carefully until (piite clean. Examine under water 

a. Its 7 oaIl ; directly continuous with that of the ovi- 
duct. 

A Its central cavity ; similarly continuous with the 
lumen of the oviduct. 

i\ The ovisacs ; spherical masses developed within the 
wall, they are sometimes irregular in shape owing 
to mutual compression. 

Examine undci a hand-lens. They vary in size, 
the younger being very minute white bodies irregu- 
larly scattered in groups throughout the mass ; re- 
move a few of these, and transfer to a glass slide. 
Stain with magenta or eosin and examine under a 
low power, avoiding pressure. 

a. The ovum ; a single large cell, filling the entire 
ovisac. Note its highly granular viteilus ; its 
large round germi/ial vesicle containing a number 
of germmal spots. 
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Examine the peripheral portion of the youngest 
ovisac under a high power. Look for — 

/?. The vitelline membrane; transparent and well 
defined, closely investing the ovum, 
y. The follicular epithelium ; a single layer of small 
clear cells investing the whole ; they are slightly 
flattened. 

o. The membrana propria; a delicate cuticle in- 
vesting y. 

Look for very young ovisacs. Note the rela 
tively small size and simple structure of the 
ovum, as compared with the older egg-cell ; 
there is greater uniformity in size between it and 
the cells of the follicular epithelium. 

H, The respiratory organs. Remove the branchiostegite 
of one side and examine the gills : the functional ones 
arc 1 8 in number, arranged in three sets. 

1. Examine the branchial-chamber; it is bounded in front 
by the cervical-groove, foremost among its contents 
are — 

a. The epipodites of the thoracic appendages ; seven in 
number, all upwardly dy-ccted. The most anterior 
one (that of the first maxillipede) is gill-less; the 
others bear each a gill {podobranchia), 

b. The scaphognathite (Sect. B. 4. h) lying in the lower 
anterior region of the branchial chamber, immedi- 
ately in front of a. Examine its base of attach- 
ment; compare the living animal. 

2. Cut each of the gill-bearing epipodites across at its 
base and remove thus the podobranchice as a set. Pin 
down under water and examine any one in detail. 
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a. The epipodite ; a delicate chitinous lamina^ folded 
upon itself and pleated posteriorly. 
h. The podobranchia j made up of a series of 
filarnents set upon a central stem, 
c\ Examine the same in transverse section. The lamina 
of the epipodite and the stem of the gill are con- 
tinuous. 

Cf. the Lobster : the gill is free of the epipodite, 
and the gill-filaments, which are very numerous, are 
arranged in close set parallel series. 

Examine the remaining 12 branchim />/ s/tu, each con- 
sists of a central stem giving off a number of delicate 
filaments, ^riicre is nothing answering to the epipodite. 
They arc arranged in two sets — 
a. The arthrobranchuc ; attached to tlie inter-articular 
membranes of tlie thoracic appendages, with the 
exception of the first maxillipede and the last am- 
bulatory leg. There are eleven of them, the odd 
one being related to the second maxillipede. 

Jk The plcurobraiichiie — 

a. Functional ; a solitary gill, attached to the inner 
wall of the branchial chamber, immediately above 
the last ambulatory appendage. 

/J. Vestigial; two to four delicate filaments (best 
seen after removal of the arthrobranchiae) at- 
attached anteriorly to and in a line with a. 

In the Lobster the above are all functional. 
There are, in that animal, 20 gills on each side ; 
six podobranchim and four pleurobranchim at- 
tached as in the Crayfish, but only ten arthro- 
branchias — there being no such gill related to the 
second maxillipede. 
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1. The circulatory organs. 

1 . Dissect away the greater portion of one branchiostegite, 
so as to expose the branchial chain])er and gills un- 
injured. Place Hie animal on its side and drill a 
small liole in llie roof of the carajiace near the heart ; 
insert the iioint of a cannula into the same, inject 
and examine under water. Upon displacing the 
branchim tliere will be seen — 

(I. I lie hrancJiio-card lac canals ; six well-defined chan- 
nels, running parallel with each other immediately 
beneath the inner Avail of the branchial chamber. 

IxemoA'c the podobranchi^e and turn back the gills 
remaining in situ. The stem of each will be seen 
to lodge a vessel (efferent branchial vessel) — those of 
a given set of branchiiu uniting to form one branchio- 
cardiac trunk. 

c. Cut all the gills short and folloAv the branchio- 
cardiac canals u})wards. They converge towards the 
region of the heart, to enter the pericardial sinus — a 
spacious chamber noAv largely filled with injection. 

As a rule, the trunks related lo the ambulatory 
appendages 2, 3, and ^ enter the pericardium in- 
dependently ; the last of them recci\xs the posterior 
trunk of the scries, which brings in the blood from 
the plourobranchia alone ; the upper ends of the 
three arc connected by short anastomoses. The an- 
terior trunk is formed by the union of those related 
to the second and third maxillipcdcs and the chela. 

2. Dissect a specimen which has been at least 24 hours 
in alcohol, under Avater, from the tergal aspect, cutting 
away carefully with a pair of scissors tlie mid-thoracic 
portion of the carapace. 
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A chamber {the pericardial sinus) is thus laid bare 
in which lies the heart (D. i. /;). 

a. The alary muscles ; delicate strands ])assing from 
the angles of the heart to the adjacent j^ericardial 
wall. 

h. 'The two dorsal cardiac apertures; oblic^ue ojjenings 
in tlie cardiac roof, guarded by valves, 

c. Carefully dissect off the roof of the heart, and 
note 

a. Its 7va/l ; thick and spongy, the muscular fibres 
being arranged in irregular bundles. 

/j. Its cavity; central and single; i.e. there are no 
auricles. 

y. I’he ventral apertures and valves; identical in 
their characters with b ; they are situated at tlie 
anterior end, transversely to the long axis. 
v. The lateral apertures ; similar perforations of the 
middle region of the side walls. Dissect to the 
level of one and examine its valves; they are 
])ocket-shaped, and so arranged as only to admit 
of a i)assage of the blood from the pericardial 
sinus into the heart. 

d. Compare the heart of a similar specimen, alter 
removal from the body. 

The great arteries. Obtain afresh uninjured specimen 
and pin down under water on its side; lay bare the 
pericardial sinus with extreme care, and inject from 
the lateral cardiac aperture. Work leisurely and 
apply a steady gentle pressure. 

Cut along the post-mandibular portion of the ex- 
oskeleton to the level of the middle line (with the 
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exception of the ambulatory appendage bearing the 
genital orifice j leave that in situ) and remove the 
skeleton together with its related muscles, being careful 
not to injure the digestive or reproductive organs. 

Cut along the dorsal middle line of the cephalic 
skeleton, and continue the incision downwards, clear 
of the green-gland. Remove the hard parts, but leave 
tlu^ adductor muscle of tlie mandible in situ. Dissect 
away any extraneous tissue and wash carefully. 

a, 'Die superior abdominal artery ; a backward con- 
tinuation of the heart, immediately above the 
intestine. It distriluites branches metamcrically 
to the intestine (hind-gut) and adjacent parts. 

b. The ophthalmic artery; a similar forward continua- 
tion of the anterior end of the heart. It runs over 
the stomach and distributes branches to the eye 
stalks and parts immediately adjacent. 

The hepatic artery. Turn the exposed digestive 
gland downwards ; branches of the above vessel 
will be seen ramifying in it. Cut its main trunk 
across and remove the gland, noting the branches 
to the mid-gut ; the main trunk can now be traced 
beneath tlic genital gljnd, to its origin, from tlie 
antero-ventral region of the heart. 

(L The sternal artery ; a large trunk, arising from the 
heart at the base of a. It runs vertically down- 
wards towards the ventral surface, passing to one 
side of the intestine, and perforating the nervous 
system (obvious as a delicate greyish median-ven- 
tral cord. Cf. Sect. J.). It subdivides into 
a. The antero-ventral artery; a median trunk, ex- 
tending forwards to the mouth region, and dis- 
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tributing branches metamerically to the appen- 
dages, muscles and parts adjacent. 

(3, The postero-vcntral {mferior-abdominal) artery ; 
a median trunk extending back to the telson. It 
also distributes branches metamerically to the 
adjacent parts. 

The above trunks furnish the main vessels to 
the reproductive organs. They are, on either 
side — a dorsal one, arising from the sternal artery 
soon after it leaves the heart and distributed 
to the genital gland and duct; a ventral one, 
arising from the base of and distributed to the 
terminal segment of the duct alone. 

The sternal trunk may pass to cither side of the 
alimentary canal. If the injection be successful, 
it will be found that the vessels distributed to the 
ends of the intestine and genital ducts debouching 
on to the exterior, terminate in special capillary 
networks. 

The antemiary artery ; arising from the antero- 
dorsal region of the heart, immediately external to 
h. Its main trunk runs downwards and forwards, 
passing round (excernal to) the adductor mandibuli 
muscle and immediately under the carapace, to 
terminate anteriorly in the antenna. It gives off 
on its course — 

tt. The gastric artery ; arising close behind the pos- 
terior gastric muscle, and distributed to the 
stomach (fore-gut). 

Branches to the gastric muscles, several e?i route. 

y. A rostro-antenitary branch ; arising from the main 

IS 
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trunk at the base of eye-stalk, and distributed to 
the antennule and rostrum. 

8. The renal arteries ; two or more branches break- 
ing up on the anterior face of the green gland, 

€. Other minor branches, which arc variable. 

4. Puncture any one inter-sternal membrane of a freshly- 
killed animal ; blood will escape freely (a blood space 
has been entered). Treat the inter-articular mem- 
brane between the two last thoracic sterna similarly ; 
insert the point of a cannula and inject. 

(7. Remove the branchiostegite and examine the 
branchiae. The injection will have filled some of 
the afferent brafichial vessels ; large trunks running 
(one for each gill) along the outer face of the stem 
externally to the efferent vessel (§ I. 

l\ Make a transverse section across the thoracic region. 
With a little care the afferent branchial vessels can 
be traced to a great ventral sinus (sternal sinus) 
now largely injected. It is in free communication 
with the adjacent blood-spaces. 

5. The blood. Obtain a droo of blood, from a freshly- 
killed Crayfish and examine under a high power. 

a. The plasma ; colourless, 

« 

h. The corpuscles ; colourless and amoeboid, each with 
a large round nucleus. Their pseudopodia; fili- 
form and frequently very numerous. 

Watch their movements; they e-xhibit a great 
tendency to run together into aggregates prior to 
disintegration, upon exposure, after removal from 
the body. 



il] the crayfish and lobster. ^27 

J. The nervous system. 

I. Pin the animal down tergal surface uppermost and lay- 
bare the whole body cavity. Remove the heart, 
reproductive and renal organs and the digestive gland ; 
sever the alimentary canal across its middle and turn 
the two halves to one side; cut short the tendon of 
the adductor mandibuli muscle, and remove die flexor 
abdominis, together with the endophragmal system. 

The whole 7icrvous axis will tlius be laid bare. 

a. Tile supraxsophageal ganglia ; two considerable 
masses, confluent in the middle line, situated at 
the base of the rostrum immediately behind the 
eye-stalks. 

A The circimxsophageal commissures passing back 
from a, 

c, I'he lo7igitiuiinal ve7itral C07n77iissures ; backward 

continuations of extending to the base of the 
telson. They arc widely separated in the mid- 
thoracic region, where they enclose the sternal 
artery (seen in transverse section. Cf. Sect. I. 3 ; 

elsewhere they are closely applied. 

d. The ahdo})ii7ial gc**7iglia ; six paired masses, borne 
upon c in the abdominal region. They are equi- 
distant, there being one pair for each somite. The 
posterior pair are larger than the rest, and distribute 
fibres to the last somite and the telson. Note, in 
relation — 

a. The ga7iglionic nerves ; paired trunks arising from 
the ganglia. 

The inter‘ga7iglio7iic nerves; arising from the 
longitudinal commissures, alternately with a. 


^5— 2 
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€. The stibxsopha^eal ganglion ; a large oval mass, 
situated immediately behind the gullet. It dis- 
tributes nerves to the mandibular and five following 
somites. 

f. The thoracic gafiglia ; five pairs, each somewhat 
larger than the abdominal, distributing nerves to 
the five posterior thoracic somites. 

(I, The posterior pair ; situated in front of their cor- 
responding somite, and consequently far removed 
from the first abdominal pair. This is seen to 
1)0 the result of approximation towards the pair 
in front, tlie two lying close together immediately 
behind the passage for the sternal artery. 

/9. 'file second and third pairs ; similarly but less 
conspicuously approximated, in front of the 
artery. 

y. The anterior pair ; equidistant between and 
the subcesophageal ganglion. 

The nerves of the supraocsophagcal ganglion. Carefully 
remove one half of the rostrum and lay open the 
eye-stalk of the same side. Note, passing into the 
latter — 

♦ 

a. The optic nerve ; a thick tract, arising from the 
anterior end of the ganglion and expanding within 
the eye-stalk to form the optic bulb. 

b. The antcnnulary nerve; a delicate trunk, arising 
from the outer border of the ganglion; it passes 
outwards and forwards to enter the base of the an- 
tennule. 

c. The antennary nerve; a similar trunk, arising from 
the hinder region of the ganglion ; it passes back- 



ir.] THE. CRAYFISH AND LOBSTER, 22g 

wards and downwards to reach the base of the 
antenna. 

3. Examine the circumoesophageal commissures under a 
lens ; they will be seen to be connected by — 

a. The postoesophageal commissure ; a delicate trans- 
verse band, slightly in front of the suba3Sophageal 
ganglion. 

A The antcesophageal conwiissure ; a similar structure 
to arising at the sides and passing round the front 
of the gullet. 

c. The mcdian-veniral €om?nissu7'c ; a very delicate 
trunk, passing back from the supraoesophageal 
ganglia in the middle line, to meet A 

d. The anterior visceral 7icrve ; a median nerve arising 
from the point of union between h and c\ it passes 
upwards and forwards to reach the roof of the 
stomach, upon which it subdivides for distribution 
to its walls. 

e. The posterior viscc7'al 7icrvcs — arising, one on either 
side, from the last abdominal ganglia. They pass 
slightly backwards to reach the base of the intes- 
tine, the side walls of which they skirt. 

4. A companion dissection may profitably be made, by 
bisecting the whole body a little to one side of the 
middle line. 

The real double nature of the entire nervous axis 
may best be appreciated by removing it and examin- 
ing it on a blackened surface, under water. 

5. a. Tease out a bit of perfectly fresh nerve-cord in 

water and stain with magenta or eosin. 
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Composed of slender fibres of variable size, each 
consisting of a structureless outer wall, surrounding 
a finely granular or obscurely fibrillated central 
axis. Nuclei ; seen at intervals. 

I’. I'easc up in water, a ganglion which has been 
treated with osmic acid. 

Composed of large oval branched cells, each 
consisting of a granular mass in which lies a clear 
round nucleus, containing a nucleolus. 

K. The sense organs. 

1. The andiiory or^an. This lies in the basal joint of 
the antennule and is best examined in the Lobster. 
The upper surface of this basal joint is flat posteriorly 
and arched in front. It bears several ttifts of setaj : 
one of these is very small and lies at the inner side of 
the flattened surface, just at the angle where it meets 
the arched part ; among these setae is the opening into 
the auditory sac, through which a bristle can easily be 
passed. 

a. Take a fresh antennule from a Lobster and cut 
away the under surface of its basal joint, with a 
scalpel. A transparent cjjilinous sac will readily be 
found in it, among the muscles ; this is the auditory 
sac and is about ?, of an inch long. Carefully dissect 
it out. 

k If this sac be held up to the light a little patch of 
gritty matter will be seen on its under surface near 
the external aperture. Behind this can be seen a 
curved opaque line; behind this, and concentric 
with it, a shorter brownish streak. Cut out carefully 
the part of the sac which bears these marks : mount 
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in sea-water or salt solution and examine with one- 
inch objective. 

a. The gritty matter will be seen to consist of a 
number of irregular earthy particles, largely, if 
not wholly, foreign to the organism; they are 
functional as otoliths. Carefully remove them 
with a camel-hair brush. 

/3. The white line will be seen to answer to a ridge, 
on the summit of which is a row of large setas 
{auditory sctcc or hairs), and both on the brown 
patch and on the opposite side of the main row 
will be seen scattered groups of smaller setae. 

Examine with ^ obj. 

a. Each auditory seta is now seen to be covered over 
its whole surface with numerous very delicate 
secondary setce ; these are shortest near the base 
of the primary one. Towards its base each of the 
primary setce is constricted and then dilates into 
a bulbous enlargement for articulation upon the 
wall of the sac. 

(3. The brown patch is seen to owe its colour to 
a single layer of polygonal epithelial cells con- 
taining pigmen! granules. 

y. By focussing through this epithelial layer a num- 
ber of parallel fibres will be seen passing up, one 
to the base of each seta of the main row. 

8. If a perfectly fresh auditory sac be put in i per 
cent, solution of osmic acid for half an hour, and 
be then well washed in distilled water and ex- 
amined, each of the fibres mentioned above (ul- 
timate ramifications of the auditory nerve) will be 
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seen to terminate, near the free end of the seta, 
in an elongated end organ. 

The auditory sac in the Crayfish is very similar 
to that in the Lobster, and may be examined in a 
similar way. It is, on the whole, not so good, 
chiefly on account of its smaller size. 

Examine, in the Crayfish, the exopodite of the an- 
tennule; it exceeds the endopodite in calibre and 
length, and is carried, during life, upwardly directed. 
(Cf. Sect. B. 4 ;//.) Eemove it from the rest of the 
appendage and examine in water, under a low power. 

a. Its setec ; short filaments, developed from the an- 
terior borders of the several joints. 

Ik Its sensory sefee; developed in tufts, from the under 
face of the filament. There are usually two sets 
for each segment and they slope obli([uely down- 
wards and forwards. 

Examine under -J- or J obj. Each seta is seen to be 
subdivided into two segments ; a shorter basal one 
and an elongated terminal one: in the ordinary 
setoe the latter is pointed, in the sensory ones it 
is expanded and spatulate. 

More or fewer of the terminal segments of the 
sensory setai are, not unfrequently, globular and 
abnormal. 

The visual organ. Place the eye of a Crayfish for 
four or five days in 0*5 per cent, solution of chromic 
acid and then for twenty-four hours or more in 
alcohol. 

a. Strip off a portion of the cornea and examine under 
a ^ obj. It is marked out into a great number of 



THE CRAYFISH AND LOBSTER. 233 

minute facets; mostly square, more rarely hexagonal 
or irregular. 

b. Tease up in weak glycerine a portion of the con- 
tents which underlie the cornea. Look for — 

a. Crystalline cones ; elongated angular transparent 
bodies, each of which may or may not be in con- 
tinuity with 

/i. A striated spindle; fusiform and about a third 
the length of a. It is beset by blackish transverse 
strioe. 

r. Imbed an eye similarly prepared and cut a number 
of longitudinal sections from it : mount in glycerine 
and examine under one inch objective. Look for 
the sections which have passed through its middle; 
they will be seen to present a central mass {optic 
bulb, Cf. Sect. J. 2 ai) from which a number of lines 
appear to radiate to the facets on the surface. 
These radiating lines (which are obscured here and 
there by concentric pigmented layers) are indica- 
tions of the striated spindles and crystalline cones, 

a. The exoskeleton ; calcified to form two segments, 
a smaller basal qjmular one and a larger terminal 
dome-shaped one, united by an inter-articular 
membrane (Cf. Sect. B. 4 n,). That of the ter- 
minal segment is thick and dense, except where 
it overlies the crystalline cones ; there it is thin 
and transparent, forming the cornea, 

p. The muscles; seen on either side, immediately 
beneath they pass between the two segments, 
as between those of any one appendage. (Cf. 
Sect. C.) 
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y. The intermediate mass; a plug of vacuolated con* 
nective tissue, filling up the entire interspace be- 
tween the optic bulb and the muscles. 

\ Examine your thinnest section with a high power. 

Beginning at the exterior make out successively — 

a. The comeal facet; its flat outer and slightly ex- 
cavated inner surface. 

j8. The crystalline cones. Cf. supra. Each is in 
close apposition with the inner face of a corneal 
facet. 

y. The striated spindles ; cf. supra. They are dis- 
posed lineally with 

8. The connective rod. Each is widest in front 
where it joins the cone, but narrows posteriorly 
where it is continuous with the striated spindle. 
If fresh eyes be treated with osmic acid and then 
teased out, each of these rods can be split up 
into four fibres. 

€. The sheath of the above ; a nucleated investment 
for each set of constituents. Pigment is de- 
posited therein, being densest around the outer 
ends of the cones and the greater portion of the 
spindles, whence the appearance of the two black 
zones sQen under the low power. 

The layer of 7icrve fibres; passing between y 
and the optic bulb. Look for them in places 
where the pigment may have fallen away. 

y\. The optic bulb; mainly composed of delicate 
fibres and small cells with large round nuclei, 
partly scattered, partly aggregated into two oval 
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central masses {gaiigliform bodies) which stain 
deeply. 

A zone of pigment is deposited at its outer 
border, 

L. Development. 

1. Examine the under surface of the' body of a living 
female in berry.” 

a. The fertilized ova; each Is attached to the setse 
which fringe the swimmerets, by a delicate peduncle. 
Make an incision into one : the ovum will be 
liberated; the peduncle will be seen to be deriva- 
tive of an egg-capside which remains behind (a secre- 
tory product of the oviduct, cf. Sect. G. 2 A). 

b. Examine the thoracic sterna ; aggregates of sperma- 
tophores will in all probability be found adherent to 
the hinder ones, having been deposited by the 
male. 

Tease one up ; it consists of a bundle of sperma- 
tozoa, enclosed in a dense milk-white sperm- 
capsule (a secretory product of the vas deferens. 
Cf. Sect. G. I A). 

Spermatophores may frequently be found project- 
ing from the reproductive orifices of the male, if 
killed during the breeding season. 

2. Remove the developing ova from time to time from 
the body of the parent, and dissect* off their egg-cases 
with a couple of needles. Transfer to picric acid 
solution and harden in alcohol. Look for — 

a. The segmenting ovim. Examined under a low 
power, its exterior appears slightly granulated. 
Imbed and cut sections; stain with carmine. Note — 
a. The food yolk; aggregated centrally, and chiefly 
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deposited in conical masses whose bases look 
outwardly. 

p. The clear protoplasm ; forming a superficial in- 
vestment for the whole. Nuclei are regularly ar- 
ranged within it. 

y. The blasto7}icrcs ; segmentations of j8, around the 
nuclei. The furrows which mark them off do not 
extend into the yolk-laden protoplasm. 

Ik The same at the gastrula stai^^e. Easily recognisable 
by the large horse-shoe shaped blastopore. 

Make sections of the area of invagination, 
through the long axis of the blastopore. Note — 

a. The ectoderm: now established as a superficial 
layer investing the whole. 

p. The endoderm; a small sac, derived from a by in- 
vagination, completely enclosing the archeHtero7i, 

c. The same, at a slightly later stage. I.ook for speci- 
mens having on the surface a shoe- shaped white 
patch {blastodenu), immediately in front of the 
blastopore now greatly reduced in size. Preserve 
as before, stain and examine en face, 

a. The blastoderm; sho6-shaped or heart-shaped, 
thickened and expanded in front to form two 
rounded froccphalic lobes, 

p. The blastopore ; a small oval aperture, at the 
extreme hinder end of a, 

y. The abdomhial papilla; a median outgrowth of 
immediately in front of the blastopore. 

d. The same, at a later stage. Look for specimens in 

which the blastopore has disappeared. Treat as atr. 
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a. The appendages; paired differentiations of the 
blastodermal area, separated by a median space 
(more or fewer will be seen). 

/?. The labrum; an oval median outgrowth, situated 
about on a level with the first pair of appendages. 

y. The abdo7ninal papilla ; now elongating. 

If the specimen be a young one the involution 
to form the mouth may be seen immediately 
behind the labium; that to form the anus, under 
cover of the abdominal papilla. If it be an 
advanced one, segmentation of the papilla will be 
very distinct. 

S. The optic pits; two small round differentiations 
within the procephalic lobes {c. a.). 

£. The carapace; now appearing as a marginal thick- 
ening of the blastoderm, immediately external to 
the appendages. It is at first paired, the two 
folds meeting behind the abdominal papilla. 

t. The hatched etnbryos. To be found in numbers, 
fixed to the swimnierets of the mother. 

In general the^jj^ resemble broadly the parent or- 
ganism. Examine — 

a.‘ The cephalo-thorax ; more arched than that of the 
adult, owing to distension b/ the food-yolk, not 
yet completely absorbed. The rostrum is bent 
downwards and the cervical groove is, at best, ill 
defined. 

The cephalo-thoracic appendages; differing but 
little from those of the adult. Remove and 
examine the free-end of the chela ; its pincers 
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apparatus is spinous and recurved at the tips, 
for purposes of attachment to the parent. 
y. The abdomen ; fully segmented and terminating 
in the telson. Four pairs of appendages are 
alone free, the first and last pairs being buried 
beneath the larval integument. 

€. Look for and examine stages intermediate between 
c and d, 

/. The lariHjl Lobster ^ when about half an inch in 
length. Obtain if possible a specimen in which 
the abdominal appendages are first appearing. 
Compare generally with the Crayfish larva and note 
especially — 

a. The exoskclefon ; like that of the Crayfish larva, a 
continuous iincalcified cuticle. 

/J. The carapace; terminating in front in the ros~ 
irum, which assumes the form of an immense 
protective spine. 

y. I'he abdoincn; fully segmented and bearing several 
smaller protective spines. 

S. The eye ; its great size at this stage, 

c. The antcfUHwy organs ; both are short and com- 
pletely under protection of the rostrum. 

The thoracic appendages. The third maxillipede, 
great chela and ambulatory appendages, are more 
nearly uniform in size than in the adult ; they 
all bear well developed exopodites. 

g Remove the second ambulatory appendage and 
the swimmeret of the third abdominal somite. 
Examine them side by side, and note in both — 
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a. The great relative size of the protopodite, 

(i. The increase in length of the endopodiie over the 
exopodite ; little marked but obvious in the case 
of the abdominal appendage. (Cf. the cor- 
responding abdominal appendage of the aduli 
Crayfish.) 



Ill, 


THE EARTHWORM {Lumbricus ferrestris). 

Thk Earthworm is to be found wherever damp earth is 
accessil)lc, no matter Irovv hard or stony the surface ; the 
presence of moisture is indispensable to its existence. Into 
this earth it burrows, excavating a tubular habitation to 
which it repairs during the day time, emerging at night to 
seek food and to work, or at early morning to reproduce its 
species. It remains within the burrow throughout both the 
winter and the dry summer seasons. 

The interior of the burrow is smooth and frequently lined 
with minute stones; its mouth is often surrounded with 
“castings” and plugged with leaves drawn in by the animal 
itself, or covered, as with a lid, by stones sometimes of 
relatively great weight and size. 

The body of the worm is fairly uniform in dimensions 
throughout; it is bilaterally syiflmetrical, both mouth and 
anus being situated at opposite ends. The metameric 
symmetry such as was seen in the abdomen of the Crayfish, 
is here common to the whole body, which can no longer be 
subdivided into well-marked regions. It is constricted 
externally into a number of repetitional segments or somites, 
of which there may be, in a sexually mature animal, as few 
as 68 or considerably more than 200. For each of these 
somites there is a similar repetitional series of certain of the 
internal organs. Each somite is subdivided externally into 
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at least two lessor divisions or zonites^ these however are but 
skin deep and in no way correlated with the internal parts. 
The body is invested in a continuous uncalcified cxoskcleton 
in the form of a delicate iridescent cuticle. No limbs of 
any sort are present, and locomotion is effected by means of 
four longitudinal scries of bristle-like setec^ which project 
freely from all but some few of the anterior segments ; a 
])Owcrful muscular aj^paratus is developed in connection 
with each of these, and the chitinoiis setm themselves are 
largely buried in tegumental sacs lined by cuticular invo- 
lutions. The seta) are replaced when cast off. 

The posterior terminal segments of the body are, during 
life, flattened from above dowmwards, and ^vhen the animal 
on removal from its burrow is observed crawling, a, charac- 
teristic spatulate appearance is imparted to that region, at 
the upturned end of which the anus is situated. Under 
ordinary circumstances the w^orm, on coming to the surface, 
retains its hold on its burrow by means of this expanded 
extremity. 

The Earthworm is omnivorous, living mainly upon leaves 
(for certain kinds of which it has a decided preference), and 
less conspicuously upon both animal and vegetable organ- 
isms ingested with tlie earth passed through its alimentary 
canal, in burrowing or othe?wise. The alimentary canal is 
a straight tube, running the entire length of the body. The 
mouth leads into a thin- walled eversible buccal sac, which 
opens into a spacious muscular suctorial pharynx ; this, in 
turn, passes into a long tubular oesophagus, the terminal 
fifth of vdiich is enlarged to form a distensible crop. The 
crop is, in the common earthworm, succeeded by a whitish 
thick-walled gizzard, so called as it performs a mechanical 
crushing action. This finally opens into a long sacculated 
intestine, which is continued on with but slight modification 

16 
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to the hind end of the body, where it communicates with 
the exterior by a valvular laterally compressed anus. The 
absorptive area of the intestine is increased by the develop- 
ment of a conspicuous intestinal-valve or typhlosole which 
lies along its whole roof, and not by a coiling of the whole 
viscus as in the case of the Frog. 

The intestinal wall is invested in a yellowish-brown 
mass sometimes termed a ‘Giver.” This tissue has no sort 
of connection with the lumen of the gut; it is intimately 
associated with the walls of the great blood-vessels, many 
of which it completely surrounds, and there is reason for 
regarding it as functional in the formation of an excretory 
product which is discharged into the body-cavity, if not in 
that of some constituent of the blood also. 

The intestinal juice of the P'.arthworm contains a di- 
gestive ferment, and there open into the mouth-cavity a 
number of small so-called “ salivary glai\ds. Digestion 
is nevertheless not wholly intra-intestinal, for the animal 
when feeding vomits a digestive fluid ; this is allowed to 
act upon the raw food material for some time, prior to its 
ingestion. 

Digestive glands other than those just named are un- 
known, and such diverticula of the alimentary canal as 
remain for consideration are somewhat remarkable, and 
little understood physiologically. There are usually three 
pairs of cesoi)hageal pouches, lying midway between the 
crop and pharynx; they are smallest in winter, and it not 
unfreciuently happens that one or more of them may be 
absent. Occasionally, their connections with the lumen of 
the oesophagus may become obliterated, and in rare cases 
no trace of them is to be found. These oesophageal diver- 
ticula are highly vascular, and contain a milk-white product 
consisting of carbonate of lime either in a finely divided 
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State or in concretionary masses sometimes reaching a 
diameter of i millini. Such being the case they are termed 
caldferoiis glands^ but the purpose served by them is as yet 
not fully understood. 

The body-wall is invested in a single layer of elongated 
epidermal cells, many of which become converted into 
small unicellular cutaneous glands. This investing epi- 
thelium of the body and tlie cuticle which it secretes (;i)ide 
supra) are continuous respectively, at the mouth and anus, 
with the ejhtliclial lining of the alimentary canal and its 
cuticular product. "J'he greater mass of the body-wall is 
however composed of two sets of muscular fibres, an ex- 
ternal circulai set and an internal longitudinal one; these 
also pass, at oiiposiie ends of the body, into an internal 
circular and an external longitudinal series of fibres entering 
into the composition of the wall of the digestive tube. The 
two walls are widely separated by a spacious body-cavity, 
the alimentary canal being suspended l)y a series of trans- 
verse mesejitcric septa ^ instead of by a median longitudinal 
fold as in the Frog. These septa are metamerically ar- 
ranged, one for each somitic constriction; circular muscular 
fibres are developed within them and radial ones pass across 
them from body-wall to \vall of alimentary canal. The 
body- wall is lined internally by a peritoneum, clad in 
tessellated epithelium, which can be traced on to both the 
mesenteric septa and the free surfaces of* the various organs 
contained within the body-cavity. It is from this layer that 
the yellow brown tissue aforenamed takes its origin. The 
walls of the body and alimentary canal are thus seen both 
to consist of at least three clearly defined layers; a pro- 
tective cuticular, an epitheloid, and a mechanical mus- 
cular one respectively. These layers are continuous at 
both mouth and anus, and the order of succession is the 

1 6- -2 
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same for each except that that which is external in the one 
wall is internal in the other and vice versa. 

The body-cavily is subdivided by the mesenteric septa 
into a series of somitic compartments, and the metameric 
symmetry thus established extends to the excretory organs^ 
there being one pair of these attached to each septum, the 
first three somites excepted. These organs, being thus 
segmental ly arratiged, are termed ses^viental organs or 
nephridia, E'ach consists of a tortuous tul)e which can be 
resolved into three segments; a middle glandular one, 
abundantly supplied with Idood-vessels, i)assing~ -internally, 
into a delicate thin-walled loop, which perforates the 
mesentery and opens into the segment in front by means of 
a ciliated funnel or nephrostome -externally, into a vesicular 
muscular segment, which communicates with the exterior in 
the vicinity of the ventral ])air of setre. The lining mem- 
brane of these excretory tubules is profusely ciliated, and a 
current is thus induc ed from within outwardly. In addition 
to the indirect communication established, through the 
agency of the neidiridia, between the body-cavity and the 
exterior, a direct one is instituted by means of a metameri- 
caliy disposed series of median dorsal or pcrito7ieal pores. 
The precise function of these is as yet not fully understood. 

Ihe mesenteric septa themselves are incomplete vcntrally; 
they do not subdivide the body-cavity into a series of closed 
chambers. As this is so, it follows that that cavity is a con- 
tinuous one in open communication with the surrounding 
medium. It contains during life a colourless perivisceral 
fluids in which there are present immense numbers of 
nucleated amoeboid corpuscles. 

The true red-blood fluid circulates in a system of vessels, 
having, so far as is known, no direct communication with 
the body-cavity. The larger trunks of this circulatory 
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system are six in number; median longitudinal supra and 
submtestinal and siepra and sulmeural vessels respectively, 
and two small lateral neural ones. These are connected 
metamerically in a manner described in the Laboratory 
work (p. 261), and highly efficient capillary systems are 
established in connection Avith them. In the segments 
numbering six to twelve, there exist two sets of vessels not 
met with elsewhere. These are, firstly, six pairs of enlarged 
circumtvsopliageal vessels, connecting the sui)ra-intcstinal 
and supra-neural trunks and sometimes termed pseudo- 
hearts; secondly, a pair of lateral cvsopliageal trunks, which 
are connected with the supra-intestinal vessel in the twelfth 
segment alone. 'I'he latter vessels are specially concerned 
with the blood supi)ly to the anterior portion of the oeso- 
phagus and its calciferous glands. A condition somewhat 
exceptional in the animal kingdom is met with in the blood 
vessels of the clitcllum^ and less conspicuously of the body- 
wall generally ; where the su])erficial cai)illaries pass up 
and ramify among the actual epidermal cells themselves, 
giving rise to an epidermal blood plexus. 

The exact seat of res])iralion in the Earthworm is not fully 
determined, but there can be little doubt that the red-blood 
fluid is directly concerned in the process. This fluid con- 
sists of a watery plasma inVhich are suspended exceedingly 
minute transparent non-nuclcated corpuscles. These are 
somewhat variable in shape and size, being usually about 
the ;50ooth of an inch in length; their structural features 
agree closely with those of the nuclei of the epithelial lining 
of the vessels in which they circulate. 

The feature which most clearly distinguishes the red- 
blood fluid of the worm from that of the Frog, is that its 
colouring matter is diffused through the plasma and in no 
way related to the corpuscles. 
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The nervous system is in an exceedingly simple and in- 
teresting condition. It consists of two pear-shaped si/pra- 
(esophageal ganglia which abut together in the middle line 
in front; from these there arise two commissures which, 
like those of the Crayfish, run longitudinally side by side 
for the whole ventral surface, li’hese commissures are 
somewhat enlarged for each somite, and there arise from 
them a metamerically repeated series of nerve trunks. The 
supra-oeso])hageal ganglia distribute fibres to the buccal 
sac and to the anterior end of the body; the latter termi- 
nate in modified sensiferous cells borne upon tlie first seg- 
ment, which constitute all that the worm has in any way 
representative of sense organs. One of the most important 
facts concerning the nervous system of this animal, is the 
disposition of the nerve-cells. These, instead of being re- 
stricted to the ganglia, as they are in the Crayfish, are 
regularly diffused throughout the entire axis — gangliform 
enlargements and longitudinal commissures alike. The 
sheath of the nervous axis is remarkable in being muscular, 
and especially as concerns the existence of a dorsal neuro- 
chord made up of three longitudinally disposed ^'‘tubular 
fibres These fibres are highly elastic, and the muscular 
sheath forms a most efficient protective apparatus. 

The proper reproductive organ’s arc restricted to seven of 
the anterior segments, and will be found described on p. 268. 
They are somewhat complicated, chiefly owing to the con- 
ditions of maturation of the seminal vesicles ; but the actual 
genital glands, though exceedingly small, are well defined. 
The ripe ovum consists of a round nucleated cell contain- 
ing a moderate food-yolk, and invested in a vitelline mem- 
brane. The sperm-producing cells undergo changes which 
result in the formation of a number of filiform spermatozoa, 
each with an elongated nucleus-bearing ^Wiead and the 
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conditions are such as to render observation upon the ma- 
turation of these exceedingly easy and instructive. 

The worm is liermaphrodite but not self-impregnating. 
During copulation — which usually takes place at early 
morning — the bodies of two individuals are brought into 
apposition, and a transfer of ripe spermatozoa takes place. 
These are passed into definite seminal receptacles^ there to 
await final deposition. During the interval which follows 
there is secreted by the clitellum an egg capsule or cocoon^ 
within wlii(-h functionally mature ova and spermatozoa are 
ultimately deposited. Segmentation of the fertilized ovum 
is lioloMastiCj and there result two layers of cells — a more 
rapidly dividing one, which differs from that described for 
the P'rog mainly in the absence of pigment, and a less 
rapidly dividing yolk-laden one. ^J'he smaller cells over- 
grow the larger ones very rapidly, and there results a simple 
two-layered sac or ^i^astrnla which becomes ciliated ex- 
ternally. 'rhe embryo early assumes a bilaterally sym- 
metrical form, and as the body elongates there are de- 
veloped, mainly if not entirely from the archenteric wail, 
a series of j)aired cellular masses which become metameri- 
.cally arranged. The segmentation of the body receives its 
initiative in the a])pearance of nies(7blastic somites ; from 

the central cavities ultimately developed within them the 
body-cavity is derived, while their walls, coming into apposi- 
tion antero-posteriorly, give rise to the mesenteric septa. 

The nervous system arises as a thickening of the investing 
epiblastic layer, and the supra-intestinal vessel when first 
formed is paired. The larva continues to elongate by the 
addition of fresh segments at its hinder end, but the sim- 
plicity and uniformity of structure so characteristic of it, is 
retained with but slight modifications by the adult animal 

The clitellum, to which reference has been made, must 
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not be regarded as in any way distinctive of the adult worm. 
It undergoes a periodic enlargement, anci may be present in 
young worms but two inches in length or absent in fully 
formed ones of six or eight. 


I.AEORATORY WORK. 

'The unnatural displacement of the organs of this animal, 
resultant upon contraction of the muscles during death 
under chloroform, may be entirely obviated by killing the 
worm in alcohol, l.et it be immersed in methylated spirit 
for two minutes, and allowed to remain in running water for 
lialf an hour. 

A. General external characters. 

1. Examine the living worm and note — 

<7. Its shapi\ elongated. Rounded and pigmented 
dorsally — flattened and whitish vcntro-laterally. 
Anteriorly it tapers off to a point, posteriorly it is 
flattened and s])atulatc. 

2. Compare the body of the dead animal, killed as 

above. Note — 1. 

a. Its subdivision by a number of constrictions into a 
recurring series of body segments or somites. Plach 
of these is again subdivided by a lesser constriction 
into two zonites. 

The zonites of the genital segments (9 to 15) are 
frequently more numerous, though they never exceed 
four in number. 

b The clitellum or cingulum (if present, inde S7ipra), 
a whitish saddle-shaped enlargement usually re- 
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stricted to segments 29 to 35 (rarely 30 — 36 or 
29—36). 

This is best studied in a chloroformed specimen. 

The capacity of the whole body is greatest at this 
point. Posteriorly to the clitellum it is uniform in 
calibre, except for the postcro-terminal region (cf. 
I. <^), where its transverse diameter is greatest. An- 
teriorly, it is enlarged in the genital region (segments 
8 to 12 ) tapering off to a point in front. 

The locomotor or^^aris or scia^ four double rows 
(two lateral and two ventral) of bristle-like ap- 
pendages, which ])roject freely from all but the 
extreme anterior and posterior segments. 

The body is flattened vcntnilly between the two 
sets of ventral setm, and laterally between the 
lateral and ventral ones. The setm project out 
at llie angles formed by these flattened areas, the 
lateral ones arising within ilie limits of the pig- 
mented ])ortion of the body-wall. 

d. The apertures. 

a. The mouthy antero-terminal. It perforates the 
first segment, v^nch is subdivided into a dorsal 
proslomium which overhangs the mouth, and a 
circumoral peristomium. Examine the latter with 
a lens ; its free edge is delicately serrated. 

Compare the living animal. The movements of 
the body clearly show that the first segment is 
highly sensitive. 

/?. The anus.^ postero-terminal, and laterally com- 
pressed. It perforates the last segment. 

Note the valve-like nature of its lips. 
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y. The dorsal or peritoneal pores; small median per- 
forations of the body-wall, lying at the bases of 
the somitic constrictions between all but some 
few of the anterior segments. They are best 
seen in specimens which have been preserved 
in spirit. Tf examined in freshly killed worms, 
their presence can be made manifest by gently 
scpieezi ng the body, whereupon there will exude 
from each a drop of perivisceral fluid. 

S. The sexnal apertures. Examine the worm from 
beneath, and note the presence of two glandular 
enlargements immediately external to the ventral 
setai of the 15th segment. Eacli surrounds the 
slit-like orifice of the vas deferens of its own side. 
Opening, in a line witli the above, on to the 
surface of the 14th segment, there are the smaller 
apertures of the oviducts, 

'J'he ventral integument of segments 9 to ii 
(more rarely 8 to 12) is generally swollen, like 
that of the lip of the vas deferens or the clitellum, 
owing to the presence of the so-called capsulo- 
genoiis glands. 

The exact function of these is at present un- 
known. 

Examine the somitic constrictions in this 
region from the side, dliere will be found, 
opening upon those which subdivide segments 
9 — 10 and 10 — II in a line with the lateral setse, 
the small apertures of the spermathecce. 

Not unfrequently one or other of these may 
open by two orifices, and their presence may 
easily be demonstrated by gently squeezing the 
body. 
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c. The orifices of the excretory or segmental organs^ 
too minute to be examined here. They are best 
seen in section. (Cf. Sect. H. i. ^:.) 

B. The setae and exoskeleton. 

I. Remove one of the sete from a post-genital segment 
with a small pair of forceps, and examine in water 
under a low power. Note — 

a. Its form^ curved and needle-shaped, blunted inter- 
nally and terminating in a point. 

Ik Its structure. Examine under a high j)Ower. It 
consists of a chitinous rod, a portion of the central 
axis of which is soft and granular. 

The seta' vary somewhat in shape and calibre in 
different regions of the body, especially so in the 
clitcllar and genital segments. 

c. Tlie exoskeleton, a delicate iridescent cuticle^ in- 
vesting the whole body. Take a freshly killed 
worm and strip off its cuticle under water; in doing 
so note that it passes in to line the alimentary 
canal at both mouth and anus. dTansfer a small 
portion of it to a slide, mount in water and examine 
under a high powcf. Note — 
a. It consists of a colourless trans])arent membrane, 
traversed by delicate lines or strice crossing each 
other at an angle of 45 ^ 

/8. Examine the same under a low power and note 
the cuticular sacs of the setcc, finger-shaped pro- 
longations of the cuticle which occur in pairs. 
They embrace, during life, the middle of the setae. 

It not unfrequently happens that the setae are 
dragged away with the cuticle or it with them, upon 
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removal from the body. Examination of a specimen 
in which this is the case shows that but one-third 
of the seta projects beyond the body-wall when at 
rest (Cf. Sect. H. 3). 

C. The body-cavity and general disposition of the viscera. 

Pin a large worm down under water dorsal side upper- 
most, and slit up the body-wall along tlie dorsal middle line. 
Pin back the two flaps and note — 

a. The presence of a spacious hoiHy or perhnsccral 
cavity, 

b. 'Fhe alimentary canal, a straight tube running the 
wlxole length of the body. 

The yellowish-brown tissue investing its walls, ren- 
ders it especially conspicuous for all but the anterior 
20 segments. 

c. The mesenteric septa, a series of delicate transverse 
membranous partitions, coincident with the somitic 
constrictions (Cf Sect. A. 2. a). They attach 
the alimentary canal to the body-wall. 

d. The segmental organs or nepliridia, wliitish fluffy- 
looking appendages, one pair to eacli mesenteric 
septum. Examine und(|r a lens, and note that each 
consists of a delicate convoluted tulxe, often of a 
dead-white colour owing to the presence of ex- 
cretory m!itter. 

e. The reproductive organs. Conspicuous among these 
will now be seen the seminal vesicles ; three pairs of 
large white bodies, overlying the alimentary canal 
in segments 9 to 12. 

The relative size of these is variable. (Cf p. 
246.) The reproductive organs are restricted to this 
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region of the body, but further details concerning 
them may be left till later. 

/ The perivisceral fluid. Take a frcslily killed worm 
and remove a small portion of the dorsal body- 
wall. Insert the ])oint of a capillary tube and draw 
off a little of the perivisceral fluid. Examine at 
once under a high jjower, and note — 

a. The watery serum, in which float colourless 
vacuolated amadmid corpuscles. 

fi. Watch tlie corpuscles. Aggregates of them fre- 
quently fuse on exposure, prior to disintegration. 

y. Take a second drop of the fluid and treat with 
acetic acid and magenta. The nuclei of the 
corpuscles alone stain deeply. 

D. The alimentary organs. 

I. Fin the worm down as before and open it up dor- 
sally. Remove the seminal vesicles and work out in 
order — 

a. The buccal sac, a thin-walled sac lying within the 
first 2 -'3 segments. Muscular fibres pass from its 
anterior end to the body-wall. The aperture of 
the mouth can be seen through its transparent 
roof. 

b. I’hc pharynx, a spacious thick-Vtalled structure, ex- 
tending back to the sixth segment. It is tied 
down to the body-wall by a fan-shaped series of 
muscular fibres. 

The cut ends of those fibres which attach it to the 
dorsal surface of the body-wall (removed in dis- 
secting), give it a roughened appearance when 
viewed from above. 
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The pharynx is marked off from the buccal sac 
by a deep recess, in which the pear-shaped supra- 
ci^sophagcal ganglia are seen to lie. 

c. The (vsophaf^iis^ a tube of relatively small calibre, 
continued back to the 15 th segment, where it en- 
larges to form 

iL the crop^ a spacious thin-walled sac, lying within 
segments 15 and 16. 

i\ The ivsophageal {calcifcrous) three pairs of 

lateral cesophageal diverticula, consjDicuous by their 
light yellow colour. The two anterior pairs arise 
in segment 11 and the posterior one in segment 
12. When fully formed, the anterior pair project 
into segment to. 

Puncture one of the glands --a milk-white fluid 
will escape. P.xamine this under a low power, and 
note the presence of carbonate of lime. (Cf. p. 243.) 

If any difficulty is experienced in following out the 
(esophagus, it can be overcome by starling from the 
crop and working forwards. 

/. The gfzcanf, a pearly-white thick-walled sac, follow- 
ing immediately upon the crop. It usually oc- 
cupies segments 17 to 19. 

g. The intestme^ a spacious yellow thin-walled tube, 
extending back to the extreme end of the body. 
The sacculations of its walls become less con- 
spicuous as its hinder end is reached. 

h. Open up the crop, gizzard, and a small portion of 
the intestine from above, wash out the contents 
and note — 

a. The crop. Its walls are thin and membranous. 
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'Fhere is sometimes present a well-marked lateral 
thickening of a highly vascular nature. 

j 8 . The gizzard. Note the great thickness of t^e 
muscular wall of its anterior half. The cuticular 
lining of the alimentary canal here attains its 
maximum of development. 

y. The intesiinc. Note the lateral ingrowths of its 
walls, devclo])cd metamerically at the points of 
attachment of tlie mesenteric septa. In trans- 
verse section they are seen to be refolded and 
complex. 

2. Take due body of a second worm killed as directed at 
the outset, but which has been subsequently pre- 
served for 1 8 — 24 hours in alcohol. Pin it down 
and dissect from the side. 

Make a median longitudinal section of the ali- 
mentary canal, wash out its contents and examine — 

a. 'The huccal sac and pharynx. The floor of the 
former and roof and side walls of the latter are 
both thickened and muscular. 

p. The a\wphagus. Its metameric constrictions 
are plainly visible. Look for the orifices of the 
calciferous glands. (Cf. p. 242.) 

y. 'The intesthie. Note the typhlosolc^ an immense 
median dorsal fold of the lining membrane of its 
roof; it is plicated laterally. 

Cf. the same in transverse section. 

Examine the lateral intestinal sacculations as 
seen from within (Cf. i. h. y). 

8 . Work over the relations of the whole to the 
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mesenteric septa. Those of the crop-gizzard 
region are liable to considerable variation. 

E. The excretory or segmental organs. 

T. Take tlie largest worm you can find and open up its 
anterior third along the dorsal middle line. Pin down 
the two flaps of the body-wall and remove the ali- 
mentary canal, being especially careful to avoid 
stretching the mesenteric sepia more than is neces- 
sary. Wash until quite clean and examine in water 
under a lens. With a little care there will be seen — 

a. The segmental organ or 7 iephricUum^ a delicate tube, 
coiled upon itself and suspended to the mesenteric 
septum by a special fold or mesentery of its own. 

The whole organ is thrown into a series of loops. 
At its inner end, close to the nervous axis, a very 
conspicuous iuteaiuxl loop will be seen; it projects 
backwardly and outwardly. 

1 ), Examine the region of this internal loop with care. 
The nephridium will be seen to perforate the mes- 
enteric septum with which it is connected, and to 
open into the somite in front by an enlarged 
pendant extremity or p/irostojne. 

2. Take a similar but freshly killed worm, and open up 
as before. J^emove as much as possible of a mesen- 
teric septum (preferably from somite 15 or there- 
abouts, where the calibre of the alimentary tube is 
least and the reproductive organs do not overcrowd) 
with one ot its related segmental organs. Examine 
under a low power, and restrict your attention to that 
portion of the tube in which ciliary action is going on. 
Follow it along until a point is reached at which it 
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undergoes a bending upon itself and a sudden in- 
crease in calibre; substitute a high power and fix 
your attention on this last-named area. Note^ — 

a. The thick glandular walls of the tubule in which 
ciliary action is going on {glandular segment). Care- 
ful examination will reveal the presence of large 
oval transparent mulei, 

h. The thin-zvalled segment^ a delicate transparent 
tube lying immediately adjacent to tlie lesser limb 
of a. It also is bent upon itself and ciliated. 

Its walls appear as mere hard outlines, and the 
tr <»nsvcrsc diameter of its two limbs collectively is 
about eqtial to that of the lesser one of a, 

e. The muscular segment, ICxamine under a low 
power. The position in which this segment will 
be found varies, as it is generally displaced in the 
process of manipulation. Like both a and h it is 
bent upon itself, and can be at once recognised by 
its great transverse diameter as comj)ared with the 
rest of the organ. Follow it along— it will be 
found to become suddenly constricted at the point 
at which the glandular segment enters it. 

Its aperture of communication with the exterior 
is best seen in section. (Cf. Sect. H. i c,) 

d. I.ook for the imernal loop (i a'). Note that both 
glandular and thin-walled segments enter into its 
composition. 

e, Ivook for the neplirostome (i b). Having found it, 
examine under a high power. It is lined by a 
columnar ciliated epithelium^ the individual cells of 
which are very large and clearly defined. Follow 

M. 
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it back ; it is continuous with the thin-walled seg- 
ment. 

The actual course taken by the coils of the seg- 
mental organ can only be made out with very con- 
siderable trouble. Suflicicnt is liere described to 
render it clear that three segments arc present — an 
internal tliin-wallcd, a middle glandular and an 
external muscular one respectively (‘‘internal” and 
‘‘external” having reference to the fact that these 
segments communicate respectively with the body- 
cavity and the exterior). The only source of diffi- 
culty which will be found in attempting to unravel 
the whole, is the internal loop {d) formed by a 
secondary folding of both thin-walled and glandular 
segments. Eliminate that, and the whole resolves 
itself into a tube of three segments - -each bent upon 
itself. 

The nephridial hlood-plexus. Remove, as directed 
above, the segmental organ of a worm which has 
been at least two days in alcohol. Examine in 
water under a high power. Its sheath carries a 
complicated series of blood-vessels, coiiS})icuoiis 
by their yellow colour. Note — 

a. The main %ephridiafl vessels ; two thin-walled 
tubes running side by side, parallel with the long 
loop of the nephridium. They arc connected 
by an excretory plexus, the smaller vessels of 
which form a bold series of loops on the surface 
of the organ. 

/3. The appendages of the excretory vessels; a series 
. of relatively large globular dilatations, filled with 
blood and generally crowded with minute colour- 
less non-nucleated corpuscles. 
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These structures are sometimes absent, and 
they are not confined exclusively to the nephridial 
plexus. 

F. The circulatory system. 

Examination of this system is materially facilitated by 
killing the animal as directed at the outset, and allowing it 
to remain undisturbed for six or eight hours, in order that 
the muscular walls of the larger vessels, no less tlian those 
of the body itself, may be rigid and well-set prior to dis- 
section. 

1. Pin down, at opposite ends, the body of a worm 
treate 1 as above, and open it up along the dorsal 
middle line. Eeflecl the two flaj)s of tlie body wall, 
and note — 

a, 'Jdie supra-inicsti?tal vessel ; a large median dorsal 
vessel, running along the whole length of the roof 
of the alimentary canal, to which it distributes 
branches. 

I.argc circuma^sopjiac^cal vessels will be seen aris- 
ing from this in segments 6 -12. Their detailed 
connections are described at § 2 d, 

♦ 

A Dissect away som^ few of the mesenteric septa of 
one side, and displace a portion of the alimentary 
tube thus liberated. Note, overlying the nervous 
axis, the median longitudinal sitpra-ncural vessel. 

The smaller laUral~ 7 ieural vessels may sometimes 
be observed at this stage. (Cf. Sect. G. e. y.) 

2. Take a second worm and pin it down on its side, 
being careful not to injure the anterior twenty seg- 
ments. Make an incision with the small scissors 
along its dorsal middle line, raising the body wall 

17 — 2 
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with the instrument as you cut, in order to avoid the 
possibility of injuring the underlying vessels. Care- 
fully remove the lateral body wall of the above seg- 
ments to the level of the middle line, and without 
dissecting furllier, note — 

a. The supra -miesthial and supra- 7 ieural vessels, to- 
gether with such of their branches as liave been 
already mentioned. 

Look out for the lateral-neural vessels. 

b. The suh- 7 ieural vessel, a delicate median-ventral 
trunk, seen on raising the nervous axis, to which it 
is closely applied. 

c. The sub-intcstuial vessel, a small median longi- 
tudinal trunk buried up in the ventral wall of the 
alimentary canal. It may best be seen on gently 
displacing the gizzard, the walls of wliich are 
white. Examine under a lens ; it will be found 
to be connected with the supra-neural trunk for 
each segment, by two or three delicate commissures. 

d. 'Ehe so-called pseudo-hearts or clrcumcesophaieteal ves- 
sels ; six in number and usually greatly distended. 
(Cf. I a,) They lie in segments 6 to 1 1, and con- 
nect the supra-intestinal and siq)ra-neural trunks. 

The lateral-ocsophageal vessel, a conspicuous usually 
highly distended trunk, closely applied to the wall 
of the oesophagus on cither side. I.arge branches 
of it are seen on the pharynx and cesophageal 
glands. It runs beneath the latter, and communi- 
cates with the supra-intestinal trunk in segment 12. 

d, and e. are the most conspicuous vessels in the 
whole system, and their general relations can be 
well seen if dissected from beneath. 
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3 . Still working from the side, carefully cut (with scissors) 
into any three or four somitic constrictions of the 
intestinal region, and without dissecting further ma- 
nipulate the parts with forceps under water. Note 
the relations of the mesenteric septa and nephridia, 
as seen in the undisturbed condition (cf. Sect. E.) 
and next examine in order- — 

a. 'rhe circular commissural vessels; one on either side 
for each segment. They lie close under the body- 
wall (to which they give branches) midway between 
adjacent mesenteric septa, and connect the supra- 
intestinal and siib-ncural trunks. 

A 'File excretory plexus. I'he posterior of the two 
vessels from whu'h this is derived springs from the 
sub-neural trunk immediately adjacent to the ne- 
phridium itself. The anterior one arises from the 
supra-neural in the segment in front, and perforates 
the mesenteric septum ventro-Iaterally. 

c. Remove a portion of the body -wall of this region, 
and gently scrape away as much as possible of the 
yellow-brown tunic of the intestine. There will 
thus be brough^ into view the lateral intestinal 
vessels ; two in number on either side in each seg- 
ment. They arise from the supra-intestinal trunk 
and break up into an alhjwitary plexus within the 
walls of the digestive canal. A series of small 
vessels will be seen to pass up towards these from 
the sub-intestinal trunk. 

The blood-vessels described above can all be made 
out by careful dissection. No mention has been 
made of the delicate lateral-7teural commissures^ or 
the smaller branches of the majority of the great 
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vessels ; for the study of these recourse must be had 
to transverse sections. (Cf. Sect. G. y.) 

il. The /flood fluid. Lay open, high and dry, the 
body cavity of a freshly-killed worm, and introduce 
a fine capillary tube into one of the larger vessels. 
Transfer the drop of red blood thus obtained to a 
slide, cover and examine at once under a high 
power. Note — 

a. The blood scrum^ a watery yellowish-red fluid in 
which float 

/?. minute colourless corpuscles. In shape, they are 
somewhat irregular (rarely oval); each usually 
contains a central dark granule. 

If unsuccessful by the above method, remove 
a small portion of one of the larger vessels en 
ma'ise between two ])airs of forceps; transfer to 
a slide and allow the fluid contents to escape. 

(b The nervous system. 

Dissect an entire Avorm from above, removing the dorsal 
portion of the body wall, and the alimentary canal from the 
pharynx backwards. Vin down, wash until ctuite clean, and 
disseci under water. Examine lyider a lens and note — 

a- The supra-oesophageal gaug/ia ; two pear-shaped 
masses lying in the third segment in a depression 
between the buccal-sac and pharynx. (Cf. Sect. 
I). I. /f,) Fibres can be traced from them to the 
circum-oral integument. 

A The circuma^sophageal couwiissures ; seen, on dis- 
placing the pharynx to one side, to arise from a. 
The nerves arising from them are distributed — 
externally, to the first tw’o segments — internally, to 
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the pharynx {visceral nerves). On reaching the 
ventral surface the commissures become firmly 
united and pass on, to the extreme end of the 
body, as longitudinal vctitral comniissi/res. Note 
the metameric gangliform cnlargemefits formed upon 
the latter, 

(\ The ganglionic nenrs ; two pairs for each somite. 
They arise from the ganglionic swellings — trace 
them to the body wall. 

d. The interganglionic nerves : one pair for each somite, 
arising from the longitudinal commissures at the 
b.-ses of the mesenteric septa, to which they are 
largely distributed. 

e. The histology of the nervous axis and its associated 
structures (for method of i)reparation see Sect. H.). 

Examine transverse sections under a high power, 
note — 

a. The sheath of the nervous system ; a deeply 
staining investment, mainly composed of the cut 
ends of muscular fibres. 

p. The neurochord. It consists of three transparent 
thick-walled ‘ {ubular-fibres ’’ (a larger central 
and two smaller lateral ones) buried up jin the 
roof of a. 

y. The cut ends of the sub- a7id lateral fieural blood- 
vessels^ together with their anastomoses, all of 
which are buried up in a. 

S. The ventral nervous axis. Note the close appo- 
sition of the two commissures. Each is com- 
posed of a transparent matrix in which are seen 
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the cut ends of delicate ncToe-fibres ; and of a 
denser peripheral ventro-laleral portion, in which 
large nerve-ccUs are lodged. 

Compare sections through the longitudinal 
commissures and ganglionic enlargements. 
Nerve-cells are present in both, and except 
so far as llieir relative proportions are con- 
cerned, ihere is no important structural differ- 
ence between them. In sections through the 
latter, look for the origins of the ganglionic 
nerves, and tlie small blood-vessels arising from 
the lateral neural trunks which accompany 
them. 

n. The study of transverse sections. 

I. Wash out the contents of the alimentary canal of a 
freshly killed worm with I p. c. chromic acid solu- 
tion. When all the earthy matter has been removed, 
cut up into segments of an inch in length and trans- 
fer to solutions of chromic acid and alcohol of in- 
creasing strength (see appendix E). Stain wath 
borax-carmine and mount in tlie usual manner in 
Canada balsam. 

Examine the thickest sections under a low power, 
and note- - 

a. The body wall. It is mainly composed of a thick 
muscular layer, external to which is a thin cpidcrniis 
clad in a delicate cuticle, 

h. The intestinal wall ; its thick tunic of yellozt*- 
hro7im tissue. Internally to this there is a thin 

" 7nuscular layer, and the whole is lined by a well- 
defined epithelium. Examine the minute structure 
of the typhlosole. 



III.] THE EARTIIWORxM. 26 $ 

c. The mesenteric septum. A thin fibrous sheet pass- 
ing from a to b. Note its circular and radial 
m n scalar fibres. 

It is perforated ventrally {chxiim-ncnral a trade) 
to give passage to the nervous axis and its four 
accompanying blood-vessels. 

Look for the mphridia — portions of them will 
certainly be visible in the thickest sections. Note 
especially their communication with the exterior, 
each by a narrow duct passing externally to the 
ventral seta}. 

Look for the dorsal port\ for sections of the great 
blood-vessels and traces of their branches (see 
Sect. F). ^ 

2 . J'lxaminc a tliin portion of the body-'iaall of the above, 
under a liigh power. Note — 

a. The epidermis ; composed of a layer of elongated 
cells. They stain very lightly, and their nuclei 
are very small. 

b. The nniccllular cutaneous glands, large ovoidal 
structures buried up in a. ICach opens on to 
the exterior by a short neck. They are rendered 
very conspicuous 1 y the affinity of their granular 
contents for the staining reagent. 

€. The cuticular exoskeleton, a delicate investment for 
a. It is structureless, and stains uniformly and 
with moderate intensity. 

It is frequently puckered or otherwise displaced 
in the process of manipulation. 

d. The circular muscular layer. It lies immediately 
beneath, and is two or three times the transverse 
diameter of, 
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Pigment granules will be found scattered among 
its fibres. 

e. 'The loti^itudinal muscular layer, somewhat thicker 
than d. Each of its several tracts is subdivided 
into a great number of fasciculi by uniformly 
arranged radial septa, within wliich small blood- 
vessels arc carried. The muscular fibres arc 
arranged in close set jiarallcl lamellx', disposed 
at right angles to the septa. 

y*. Idle pe7‘itojicum, a delicate membrane immediately 
internal to e. 

3 . I'he seia^, and ilicir associaied structures. When at 
‘rest they jiroject inwardly to the level of the perito- 
neum. Examine in order — 

a. The integumentary sheath of the seta, 'frace its 
origin from the epidermis - it can be followed to 
the inner end of the seta. 

h. The cuticular sheath, carried in with a. It can be 
traced some distance up the side of the seta. 
(Cf Sect. 13.) 

c. The muscles of the sefee. Ivxamine any one pair 
of setre and note, passing obliquely downwards 
from their approximated inner ends, the fan-shaped 
(in section) f retractor fibf'cs. They pass into the 
circular layer of the body-wall. 

Two sets of ret7'actor fibres will be seen arising 
from each seta at about its middle. By their 
union there are formed two ribbon-shaped bands 
which pass right and left of the setee, upwards 
and inwards, between the longitudinal fibres of the 
body-wall and the peritonqum. 
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d, 'fhc follicle of the set(E ; a small granular proto- 
plasmic mass internal to each pair of functional 
setre. It lies close under the peritoneum, and 
usually bears two conical immature setie. 

'I'hc Avail of the alimentary canal. This will be found 
to vary slightly in detail in different regions, -the in- 
testine is here described. 

a. The cfithcliuniy a single layer of elongated cells, 
lined internally by a delicate cuticular mem- 
brane, 

b. The ituscutar layer — feebly developed. It consists 
of an internal circular and an extomal loni>'iiudinal 
series of fibres. 

The thickening of the wall of the gizzard is due to 
an excessive development of the circular fibres. 

c. 'The sub-cfithclial tissue; a vascular layer interposed 
between a and b, T^ook for the cut ends of its 
small A^essels. 

d. The yelloiv-brown tissue; a thick investment for the 
whole, immediately external to b (outside the wall 
of the whole viscus). Its component cells are 
elongated and club-shaped, each containing a 
single oval nucleus and crowded with minute 
highly refractive globules. 

Examine the muscular fibres of the mesenteric 
septum. An aggregation of circular fibres is fre- 
quently met with immediately external to the ali- 
mentary canal. Many of its radial fibres can be 
traced into the body-wall, 

5. The central neriwus system^ described in Sect. G, e. 
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I. The reproductive organs. (Cf. Sect. C. e.) 

I. Obtain the body of a sexually immature worm (i.e. 
one in winch there is no trace of clitellum) which has 
been well hardened in alcohol. Open up the an- 
terior twenty segments along the dorsal middle line 
and remove the alimentary canal with care, leaving 
the mesenteric septa undisturbed. Look for — ■ 

a. The spermatheae^ two pairs of small yellowish- 
white globular bodies, attadied to septa 9— 10 
and I o — 1 1 , 

They arc developed within the substance of the 
septa referred to, and may project forw’ardly into 
segments 9 and 10 or backwardly into lo— 1 1. 

Their points of exit arc invariable, and they may 
conveniently be used as landmarks in dealing wdth 
the remaining organs of the reproductive system. 

/. The scmhial T'es/Wes, three pairs of soft whitish organs 
attached in the sexually immature worm- -to septa 
9 — 10, 10 — 1 1 and 1 1 — 12. They are internal to a. 

In the sexually mature animal they unite with each 
other and their fellows, below the alimentary canal, 
so as to form an anterior mass bilobed on either side, 
the body of which lies in segment 10, and a unilobcd 
one for segment ii. 

Remove the seminal vesicles of one side and ex- 
amine the mouths of the vasa deferentia (ciliated 
rosettes). They arc dead-white glairy structures, 
lying near the middle line in segments 10 and ii ; 
w^hen fully formed exceedingly conspicuous and 
chalky looking. 

d. Trace back the ducts of on one side. Each per- 
forates the septum behind it and becomes im- 
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mediately convoluted, uniting in segment 12 with 
its fellow to form the z'as deferens. Follow this 
back, it runs longitudinally midway between the 
nervous axis and the exterior, passing out on seg- 
ment 15. 

e, T'hc icsies (visible only in sexually immature speci- 
mens), two minute white bodies truncated pos- 
teriorly; attached, on cither side, to septa 9 — 10 
and 10 -IT close to the middle line. They pro- 
ject into segments 10 and 1 1. 

In sexually mature worms these and the ciliated 
rosettes are both embraced by the enlarged seminal 
\csicles. 

/. 'Fhe ovaries^ two small conical bodies, atta. lied by 
their bases to sejitum 12 — 13 in a line with e. 
Their fiee ends are not imfreqiiently recurved. 
They project into segment 13. 

The oi'iducts. Remove the segmental organs from 
septum 13 - -T4, seize the latter with forceps and 
turn it backwards — the mouths of the oviducts will 
be seen opening into segment 13 in a line with f. 
The ducts themselves arc very short and closely 
bound down to the hinder fac e of the mesenteric 
septum. They pass outwards and backwards, 
opening on to the exterior in a line with d. 

h. The reccptacula ovorinn ; tuft-like appendages of the 
hind-walls of the oviducts. They project freely 
into segment 15, and are rendered highly con- 
spicuous by their great vascularity. 

i. Remove the entire ovary and transfer it to a slide, 
stain with eosin and examine under a high power. 

^ Commence at its free end^ and note— 
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a. The I'ipe ova^ large round bodies completely 
filling the iiointcd extremity of the saccular 
ovary. A granular viiellus^ a large round ger- 
minal vesicle and a vitelline membrane will be 
observed for each. 

/). 'J'he immaiitrc ova. Work towards the base of 
the ovary -tlic ova decrease in size and become 
more numerous. "J'he younger of them are 
destitute of a vitelline membrane. AVork back 
towards the attached end, and note graduating 
into yS as /J does into a — 

y. the germinal epithelium^ a solid mass of small 
undifferentiated cells filling the base of the 
ovary. 

y. Remove a small portion of a testis of the youngest 
worm obtainable, crush and examine in cosin under 
a high jiower. Note the cells of the germinal epi- 
thelium, irregular in shape, each with a large central 
nucleus and a single nucleolus. 

'Tease up in a similar manner a small portion of 
one of the seminal vesicles of an older animal. 

I rcat with acetic acid and magenta — spermatozoa 
m all stages of develo])ment will be seen. J.ook 
for the following — 

Cells of the germinal epithelium identical witli 
y. They are sometimes to be found only with 
difficulty, 

/i. Ihe same during the early matiu^ation stages 

conspicuous as the predominant mulberry-likc 
masses. Focus to the surface of one of these 
and work through it. It consists of a large pro- 
toplasmic body, differentiated— peripherally into 
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a scries of transparent nucleated protuberances — 
centrally into a large non-nucleated mass. 

y. The same during the later maturation stages. 
Nuclear division has gone on with rapidity, and 
the central mass is now surrounded by a great 
number of small nucleate bodies. Examine care- 
fully the protoplasmic investments of these — each 
is prolonged out into a short filament. 

The ripe spermatozoa; aggregates of filiform struc- 
tures resulting from the nucleate bodies above 
described. I'^ach is enlarged at its attached end 
to form a Miead/ within which the elongated 
nucleus is contained. P'oeus to the centre — the 
non-nucleated mass has remained passi/e and 
unaltered. 

c. Look for free spermatozoa. 



IV. 


'I'llE COMMON SNAIL {Helix aspersa), 

Thk ‘H'ornmon Snail”, II. aspcrsa^ and the ‘‘Garden 
Snail”, II. /iortensh\ are to Ijc found in abundance in our 
gardens and hedgerows, and the descriptions here given 
apply equally to either with the exception of the shell, 
'rhis, hi the ‘(iarden Snail can l)c at once recognized by 
its delicate texture and predominant whitish-yellow colour, 
as compared with the rough-surfaced brown-banded shell of 
its ally. During the summer months the ‘Common SnaiD 
is to be met with, leading an active independent existence 
upon or in the immediate neighbourhood of fruit-bearing 
shrubs. It is very susceptible to cold, and retires during 
the later autumn to some recess in a wall or tree, where it 
usually remains dormant and hibernating until the following 
spring. It not unfre(iuently buries itself for the same pur- 
pose, and even in the warm season may be induced to 
hibernate temporarily if starved or submitted to a reduced 
temperature. During such a peiiod, or during normal lii- 
bernation, the body is completely retracted within tlie shell, 
the mouth of the latter being sealed by a film of mucus 
secreted by the animal, which hardens on exposure to the 
atmosphere ) this is perforated to allow of the passage of 
air during respiration and is best termed for obvious reasons 
the hybernaailum. During the hibernating period the animals 
are frequently to be encountered huddled together in as* 
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semblages ; hence it is no uncommon thing to hnd, during 
the warm season, individuals, to the exterior of whose shells 
there adhere one or more (often a great number) of these 
hybernacula, cast off by their fellows on emerging from the 
dormant state. 

The body of the snail is soft and unsegmented, and, 
unlike that of any other animal dealt with in this work, 
asymmetrical-- inasmucli as the anal, respiratory, excretory 
and genital orifices all open to the right side, the latter 
being situated far forwards near the mouth. The ventral 
surface of the body is thick and fleshy, giving rise to a 
locomotor by the wave-like contractions of which the 
sluggish movements of the animal are performed. So deli- 
cately adjusted are tliese, that the creature can crSwl with 
case and comfort over a knife-edged surface. The anterior 
end of the body is differentiated into a well-marked //ea^/ 
segment bearing two j^airs of icniacks — a shorter labial pair 
adjacent to the mouth and a longer ocular pair situated 
above and beliind these. The integument covering the apex 
of each tentacle is especially modified in connection with a 
nerve supply derived from a large underlying ganglion, 
whence it follows that the eye-bearing tentacle performs a 
double function. It may be that the labial one is either 
tactile or olfactory, but the exact functions of these sensi- 
feroiis areas have yet to be fully elucidated. 

I^etween the head-segment and the free anterior end of 
the pcdal-disc there is a cleft, at the base of which opens a 
large mucus secreting pedal-gland which extends far back 
to the hind end of the body. 

The dorsal surface of the body is produced into a spirally 
coiled hump, within which the whole digestive gland and 
portions of the alimentary and reproductive viscera are 
lodged — it is hence termed the visceral sac. This sac, to- 

i8 
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gether with the wall of the pulmonary chamber which over- 
lies it in front, is invested in the spirally coiled shell, the 
apex of which lies altogether to the animal’s right side. 
'J'he mouth or pcritrcme of the shell overlies the thickened 
anterior ))ordcr of the pulmonary sac, from which a constant 
addition of shelly matter is secreted during the growth of 
the animal, as is also the hybernaculum during repose. 

'fhe ai)erturc of the mouth is bounded by soft fleshy lips, 
and it leads into a spacious buccal cavity the walls of which 
are excessively thick and muscular. A denticulate horny 
n])per jaw or hcak is present, and the floor of the mouth is 
raised up into a cushion-shaped odontophore or tongue, 
whicl^ is in turn surmounted by a dentigerous lingual-ribbon 
or rcufu\d. This is thrown into a licking rasp-like motion 
during feeding, by the activity of an underlying musculo- 
skeletal apparatus, the odontophoral cartilages connected 
with which are worthy of note as composing an eiido skeleton. 
The mouth itself leads into a long tubular cesophagus, 
which passes straight back and, on entering the visceral 
sac, opens into a small stomach which receives the secretion 
of tlie digestive gland. The stomach in turn gives origin 
to a coiled intestine which, on nearing the exterior, skirts 
the loner right-hand border of the pulmonary sac', termi- 
nating in an anus which lies to the right of the respiratory 
orifice. 1 he middle segment of the oesophagus is enlarged 
to foriii a distensible crop^ applied to which there are a 
pair of salivary glands, confluent above and pouring their 
secretion into the mouth by means of two elongated 
ducts. ^ 

The dipstive gland is a i)aired structure ; its lobes are 
asymmetrical'~the smaller right one lying altogether within 
the top whorls of the shell. Microchemical examination 
shows that it performs a complex function, serving both as a 
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storehouse of combustible fatty carbo-hydrate material and 
as a centre for secretion of a digestive ferment. 

The pulmonary sac or mantle arises as a fold of the 
body wall, in whicli pulmonary ve.ssels appear during de- 
velopment. At the hinder end of the enclosed pulmonary 
chamber there are situated, side by side, the heart and 
kidney. The heart is enclosed in a definite pericardium, 
the floor of which is in open communication with the ex- 
cretory organ by means of a short ciliated reno-pericardial 
ducL The excretory organ itself lies altogether to the right 
side of the body and debouches on to the exterior by a 
long duct, running parallel with the rectum. 

The heart consists of a single auricle and ventricle, the 
valves between them being so disposed as only to admit of a 
current passing from the lung sac to the bod3^ It therefore 
transmits only aerated blood, and as it is in no way con- 
cerned with the propulsion of the blood to the respiratory 
organs it is termed — like that of the Crayfish already con- 
sidered —a systemic heart. The ventricle gives origin to a 
single aorta which, on entering the body-cavity, subdivides 
into two branches. The anterior of these supplies all parts 
of the body which lie in front of the heart, and the posterior 
is restricted to the visceral sac and its contents. These 
arterial trunks break up into minute ramifications, which 
pass either into capillary systems or lacunar spaces, all of 
which converge, directly or indirectly, towards a great sinus 
which lies at the base of the pulmonary sac. From this, 
afferent pulmonary vessels arise on all sides ; the branches 
of these, reuniting in the substance of the lung-sac, form 
a system of efferent pulmonary vessels, which unite to 
form a large pulmonary vein which enters the heart. The 
efferent pulmonary vessels of the right side pass, on their 
way to the heart, through the excretory organ, in the sub- 

iS — 2 
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stance of which they break up into a second [rcfial) 
capillary network. 

The blood contains amoeboid corpuscles, which float In 
an opalescent scrum ; it assumes a bluish tinge on exposure 
to the atmosphere. 

The central nervous system is enclosed in a membranous 
circum-a'sophageal sheath. It consists of three yellowish 
ganglionic masses; the supra-ivsophageal or cc])halic lying 
above the gullet and giving off nerves to the head segment 
and related ])arts ; the pedal which supplies the foot and 
body-wall ; and the parieto-spla 7 icJmic which distributes 
fibres to the body^wall and viscera, and all parts lying behind 
its pointy of origin, irrespective of the foot. These ganglionic 
centres are connected together by lateral commissures; and 
from the cerebral mass there arise a system of buccal 7ierves 
in relation with the buccal mass and its odonlophore, and 
others distributed to the sense organs. The latter arc, a 
pair of small audiiory vesicles to be hereafter tlescribed (see 
Sect. J. 3) and visual and tegumental sense organs borne 
by the tentacles, to which reterence has already been made, 

Ihe snail is hermaphrodite and the sex-organs are highly 
complicated. With the exce])tion of the hermaphrodite 
gland or ovotestis^ a portion ot the duct of the same and its 
appended albumen-secreting gland- all of wliich are lodged 
in the visceral sac, they fill the greater part of the spacious 
body cavity and oan be at once recognized by tlicir dead- 
white colour. As the herma[)hrod[tc duct ajiproaches the 
exterior it suddenly divides into distinct oviduct and vas 
deferens ; the base of the latter is enlarged to form a swollen 
cycrsible intromittent organ or peuis^ which opens, side by 
side with the oviduct, into an integumental pit or ge?iiial 
cloaca. Appended to the wliole apparatus there are several 
accessory glands and diverticula. Chief among these is a 
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coecal diverticulum of the base of the penis which secretes 
a mucilaginous investment for the spermatozoa; the spcr- 
matophorcs or packets of spermatoza thus formed are trans- 
ferred, during copulation, to a corresponding coecal diver- 
ticulum of the oviduct known as the rcceptactduvi seminis. 
Fleshy valves are developed within llie lips of the genital 
cloaca and at the orifices of the genital ducts which open 
into it, and the whole condition of the organs is such as to 
obviate tlic possibility of self-fertilization. 

In the spic'ulujn atnoris, an accessory to the female portion 
of the apparatus (sec Sect. G. /■) have a structure, 
almost without parallel in tlie whole animal kingdom. It 
reaches matin ity during the breeding season, and is forcibly 
ejected from individual to individual during tim •amorous 
overtures, which last for a period of some hoiiis. 

The spermatozoa are long filiform bodies, each with 
an enlarged niu leiis-bearing ‘Miead.’^ The ova are chiefly 
noteworthy on account of the absence of a distinct vitelline 
membrane ; tliey are comparatively large and are provided 
with a nutritive food-yolk. 

Tlie reproductive elements of opposite sexes ripen alter- 
nately, tlie maturation of a given batch of sj)crmatozoa pre- 
ceding that of the ova they are destined to fertilize, ^nd in 
view of the facts above related it follows that the sperma- 
tozoa must be transferred, during copulation, to the body of 
the second individual- -there to await the descent of the ova. 

Fertilization takes place as the ova leave the body, and 
there are to be found in the haunts of these animals during 
the summer rnontlis, usually beneath some stone or de- 
caying wood or more rarely buried in the earth itself, 
^og^^^g3,tes of loo or more eggs, each invested in an albu- 
minous envelope, within which the early developmental 
phenomena are undergone. 



ELEMENTARY BIOLOGY. 


2/8 


[CHAP. 


T'he conditions under which embryonic development is 
])asscd through in the Pond SnaiL^ {Lymna:us stagnalis) arc 
much more favourable to observation than in the case of the 
“Common Snail/’ and they are accordingly here dealt with. 

The “Pond Snail” is a sluggish carnivorous animal which 
may be found in abundance during the summer months in 
ponds and stagnant waters ; it is moreover an indispensable 
acqiiis'tion to the acinarium. If confined in a hand-glass or 
table aquarium and well fed, the animals will very generally 
deposit their eggs upon the vessel, and they will be found 
in aggregates, firmly adherent to each other and to the sur- 
face by means of the albuminous secretion aforementioned. 
The important developmental changes arc undergone while 
still in t^is investment 

The transverse diameter of the fertilized ovum is about 
the o segmentation is holoblastic and 

unc(|ual, and the changes undergone during the early de- 
velopmental period are substantially such as have been 
already described for the Earthworm (cf. p. 247), resulting 
in the formation of a simple two-lay cred gastrula. 

During segmentation there appear on the surface of the 
dividing mass, some two or more minute jirotuberances, 
which finally become constricted off and lost. A portion of 
the nucleus of the cell whence each arises is carried away 
with it. Various interpretations have been put upon these 
pohu‘ bodies; they are of fairly general occurrence in the 
animal kingdom, lilit further discussion concerning them is 
beyond the scope of this work. They arc alluded to here, 
as the conditions of observation are exceedingly Livourable. 

Alter the gastrula phase is passed, the embryo assumes a 
somewhat spherical shape, during which period the mouth 
is formed as a median involution of the epidermis. There 
now appears on the surface, immediately in front of the 
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moutli, a thickened zone incomplete vcntrally. The sur- 
face of the body becomes ciliated and especially so this 
zone, whereupon there results a rapid rotation of the embryo 
within its albuminous investment. This being so, the zone 
in question is termed the trochal ridge, the larva possessed 
of it being said to be in the trochosphcrc stage. This, in 
turn, gives place to a more advanced veliger stage, so called 
on account of the changes undergone by the trochal ridge, 
which now becomes more marked, being produced out into 
a hood-sliaped pre-oral lobe or velum. During this stage 
the mantle arises as a fold of the body-wall, which, as age 
advances, takes on the characters of a lung sac. 

During the final stages of larval metamori)hosis the left 
side of the body grows much more rapidly than-the right 
one. Thus it is that the originally bilaterally symmetri- 
cal larva becomes converted into an asymmetrical adult, 
a fact which renders clear the displacement of the orifices 
(other than those of the mouth and pedal gland) and of 
the organs connected therewith, the suppression of the ex- 
cretory organ of one side, and the enormous increase in 
size of the left lobe of the digestive gland, as compared 
with the smaller right one. 

Very early in the history of the larva the locomotor foot 
arises, as a median ventral outgrowth between the mouth 
and anus; and as the importance of this structure becomes 
more marked, the cilia of the velum undergo a reduction. 
Consequent upon these changes the rotatory movements of 
the animal, so characteristic of the trochosphere, give place 
to a sluggish creeping motion. The velum itself does not 
entirely vanish in Lymnaeus, but persists throughout life 
as a couple of so-called subteiiiaadar lobes which lie im- 
mediately above the mouth. These are wanting in the 
‘‘ Common Snail.” 
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LABORATORY WORK. 

If the Snail be killed, by immersion in water heated to a 
temperature such as the hand can comfortably bear, the 
shell will readily j)art company with the muscles to which it 
gives attachment. This being the case, no difficulty will be 
experienced in removing the animal, if, holding it in the left 
hand, the shell be twisted off by the finger and thumb of 
the right. 

In disoccting the internal organs it is advisable to re- 
move tlie visceral sac in starting. This may best be 
done by*‘cuning away its thickened edge with a pair of 
scissors, and tearing it off with a couple of jiairs of strong 
forceps, 

A. General external characters. 

I. In the living animal observe ; 

a. The body ; produced ventrally into an expanded 
locomotor disc or foot ; and dorsally into a spirally 
coiled visccral-sac, invested in the single coiled 
shell or exoskdeton, 

b. Ihe head segment ; a freely projecting anterior lobe 
of the body, which overhangs the foot. It bears 
two pairs .of retractile tentadcs ; a smaller lower- 
most labial pair, situated at the sides of the mouth, 
and a longer dorsally placed ocular pair, at the 
summit of each of which there is borne, when fully 
extended, a minute black eye. 

c. The apertures. Examine the animal en face, and 
note : 
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a. The 7noiUh ; surrounded by a thick circular lip, 
externally to which there is, on either side, a 
well-marked laic7'al lip. Observe that the mouth 
is bounded above by a denticulate horny beak, 
lying within the circular lip. 

The pedal gland ; opening by a wide aperture, at 
the base of a depression between the head seg- 
ment and the foot. Insert a seeker into it- it 
can be readily introduced for a distance of more 
than an inch. 

y. With the animal still in this position, note that 
the shell (and visceral sac which underlies it) 

is carried altogether to the creature’s right side. 

# 

Place the snail right side uppermost, and examine : 

8. The genital 07dfice, situated a sliort distance be- 
hind the bases of the tentacles of the right side. 

€. Gently raise the shell, and note, underlying its 
free edge, the thickened glandular border of ihe 
pulmonary sac. Enclosed by valve-like folds of 
this there lies the large 7'espiratory orifice. Situ- 
ated side by side with, and a little to the right 
of, this, is the anus, (The excretory orifice also 
opens at this point, but within the lip of the 
respiratory one. It is not visible without dis- 
section. Cf. Sect. C. I 

The genital furrow, a feebly defined integiimental 
groove, extending from the base of the pulmonary 
sac to the genital orifice. 

jB. The shell or exoskeleton. 

a. It forms a continuous investment. Its free edge 
is produced into a whitish porcellanous reflected 
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border or Jyeritremc. It is throrvn into a spiral of 
four whorls. 

Note its texture and colour (cf. p. 272). As the 
apex (first formed part) is approached, a smooth 
friable texture and a pearly lustre are assumed. 

'The columella. If, with the peritreme directed to- 
wards you, the shell be carefully opened up with 
scissors, the columella will be seen as a central 
pillar or axis. Cut into this with care ; it will be 
found to be liollow, and closed in below by an 
overgrowth of the ])critrenie — the shell is thus a 
spirally coiled tube. 

In young shells the columellar cavity opens freely 
below, by an aperture or umbilicus. 

il. The columellar muscles. Remnants of the glistening 
white tendons of these are often to be found, at- 
tached to the upper end of the shell axis. (Cf. 
Sect, K. I a.) 

e. The hybernaculum or epiphragm. l^xamine a dor- 
mant specimen, and note tliat the mouth of the 
shell is completely closed by this. Remove it and 
examine under a low power ; note the perforation 
of its central area. 

(^ The pulmonary sac and its associated structures. 

I. Examine the pulmonary sac from above. It consists 
of a membranous expansion of the body-wall, which 
overlies the entire antero-dorsal region of the visceral 
hump. I.arge blood-vessels are developed within its 
walls; and there is visible through it, on the right 
side, the yellow excretory organ. Insert a scissors 
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into the respiratory orifice and make an incision along 
tlie right-hand border of the sac, cutting clear of 
the excretory organ. Carry a second incision along 
the thickened base of the sac towards its left side, and 
reflect the whole. Note : 

a. The floor of the pulmonary chamber; lliin and 
transparent, there being seen through it the dead- 
white reproductive organs. 

b. Tlie rcciuin^ a thin walled lube coursing along tlie 
floor of the pulmonary chamber at its extreme right 
hand border. 

Follow it to the anus. It opens, at the base of 
a groove-like depression in the lip of the respira- 
tory sac, below and to the right of tlie respiratory 
orifice. 

c. Tlie excrchny gland ^ a considerable yellow isli mass, 
lying in the posterior right hand end of the pul- 
monary sac. Make an incision into it and wash 
out its contents ; note the thickened spongy texture 
of its glandular lining, which is thrown into a series 
of folds by the underlying blood-vessels. 

//. 'The excretory duet, a yellow thin-walled tube, 
running to the right of and parallel with the rectum. 
Its orifice lies a little above and to the right of the 
anus. Insert a blowpipe into this and inflate the 
whole ; note that the duct is continued along the 
right hand border of the gland to its summit. 

If examined minutely, it will be seen that the 
excretory duct is continued on beyond the above- 
named oiificc as a well marked excretory groove, 
whose walls arc contractile. This courses over the 
base of the rectum dorsally to the anus, and, passing 
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backwards and downwards, terminates to the left 
of the respiratory orifice. 

r. The pericardium^ a small sac lying in a recess of 
tlic left hand border of the excretory gland. Re- 
]nove its front wall and examine the heart ; it is 
subdivided into a single auricle and ventricle. 

2. Cut away the upper part of both llie excretory organ 
and ijcricardium, and remove so much of them as 
remains, together with a portion of the adjacent 
visceral sac. Wash (‘arefully until clear of sediment, 
and examine in water under a low power. 

A sliort ciliated duct will be found, passing from 
the base of the pericardium to the excretory gland, 
into which it Oi)ens by a rcno-pcricardial aperture, 

I The alimentary organs. 

I. Place tlie animal on its left side, and pin it down 
througli the muscular foot. Remove the lung-sac and 
liberate the rectum from its surroundings. Next dis- 
sect away the right half of the l^ody wall and visceral 
sac. 

'i’here will be seen filling up the greater part of the 
body cavity the dead-white generative organs ; re- 
move these eu masse, whereupon there will be clearly 
visible - 

a. The erdp ; a large sac-like organ, filling a con- 
siderable portion of the body cavity. It is generally 
rendered the more conspicuous on account of the 
yellow colour of its contents. Its lining membrane 
is thrown into a series of longitudinal folds ; these 
are visible through its thin walls, giving it an 
apparent longitudinal striation. 
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b. Follow the crop forwards, it will be found to arise 
from the roof of the thick-walled muscular buccal 
mass^ as a simple oesophageal tube. 

c. The sac of the radula^ a small backwardly directed 
diverticulum of the floor of the buccal mass. 

d. The salivary glands, two irregular whitish masses 
closely applied to the sides of the crop. They are 
confluent postero-dorsally, and each is connected 
with the roof of the mouth by an elongated 
salivary duct. Follow one of these forwards, its 
base becomes enlarged as it enters the moutli, at 
the re-entering angle between the (esophagus and 
buccal mass. 

e. Follow tlic crop baek^vards, it will be found^to pass 
into the visceral sac under cover of the right lobe 
of the digestive gland (a yellowish brown mass, 
filling the apical whorls of the visceral hump). 
Turn this gland downwards and forwards, and 
]iotc, lying beneath it, the small saolike stomach, 
into the hinder end of which the cesophagus is seen 
to pass, 

f. The digestive gland. Buried up in its small right 
lobe will be found the white ovotestis (remove this 
with care). Its left lobe is much the larger of the 
two; it is subdivided into three lobules which adapt 
themselves to the coils of the intestine. Arising 
from these are seen well-defined ducts; follow 
them and note that they unite to form a single 
short digestive duct. 

g. The stomach. Open this from the side, being 
careful not to injure the right lobe of the digestive 
gland, and wash out its contents. It is a simple 
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sac, slightly subdivided into two by a longitudinal 
fold. Four apertures will be found in its walls; 
they are — 

a. The oesophageal orifice, opening into its hinder 
end. 

/?. 'Hie origin of the intestine, lying below and to 
the right of a. 

y. The apertures of the digestive ducts ; opening- - 
that of the left side just above the intestinal 
orifice -that of the right into its apex (this duct 
skirts the free edge of its gland). 

//. I'he intesti}ic. After leaving the stomach it passes 
upwards and forwards, altogether to the left side. 
It then makes two turns upon itself, approaching 
the right side as it does so, and finally courses 
along tlic right border of the tiulmonary sac. (Cf. 
Sect. C. § 1 A) 

lb The huccal mass and odontophore. 

I. Examine the huccal mass from the side and make out 
its muscles. The coustricior fibres have already been 
referred to, as constituting the muscular wall of the 
whole structure. Of those which remain the more 
important arc— - 

a. The ?rfniclor ; a large sheet, arising from its floor 
and side walls below the sac of the radula, and 
passing 'back, side by side with the immense 
retractor pedis fibres arising from the foot, to be 
inserted into the columella or shell axis. (Cf. 
Sect. B. d,) 

Ik The protractors; delicate musclesarising from its 
side walls, and passing downwards and forwards, 
to be inserted into the cephalic integument. 
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<r. 'i'he levators ; delicate muscles arising just above 
the protractors, and passing upwards to be in- 
serted into the cephalic wall, near the bases of the 
smaller tentacles. 

(L depressors^ small muscles underlying the pro- 

tractors, and passing obliquely backwards. 

2. Carefully remove one half of the buccal mass, cutting 
to the near side of the middle line. Examine under 
water and note — 

a. The odontophore^ a cushion- shaped elevation of 
the floor of the mouth, completely covered in 
mucous membrane. There overlies it a yellowish 
ribbon-shaped band — the lingual ribbon or radula; 
follow this back into its sac (see Sect. D. 1. c) 
and note that as that is approached it assumes a 
whitish colour and membranous texture. 

b, 'file radula. Remove this boclih', with a pair of 
forceps ; transfer it to a glass slide, rover in water 
and examine under a low power. Note the 
presence of an immense number (between twelve 
and thirteen thousand) of chitinous teeth. Tliose 
which are functional can be readily distinguished 
by their yellow colour and sharp pointed cusps. 
Examine that portion of the radula which lay 
within the sac. Note the transparent immature 
teeth, becoming simpler and more papilla-likc as 
the hindermost border is reached. Examine in 
like manner the front end. It is beset by teeth 
whose cusps are worn down, and reduced, in many 
cases, to the condition of mere functionless rudi- 
ments. 



288 ELEMENTARY BIOLO(}Y. [CHAP. 

i\ Examine the functional region under a | or J 
o])jectivc. Note that the bases of the two sets of 
lateral teeth {uncini), by which the radula is for 
the most part beset, are concave externally. Follow 
tlmse of one side inwardly — a single median longi* 
tiidinal row {racJn's) will be reached, whose bases 
are concave on either side. 

The rasping surface of each median tooth is pro- 
duced into a pointed cusp. In llie lateral tcetli there 
appears, on the inner side of this, a second smaller 
one which increases in size relatively, as the free 
edge of the radula is approached. There appears, at 
the same time, a smaller external accessory cusp, 
which is not represented in the median teeth. 

d. The odo?tfop/ioral cariilaa^cs ; two gristly masses to 
whose presence the elevation of the floor of the 
mouth is due. There are attached to their bases a 
series of small intrinsic muscles^ arising from the 
side walls of the buccal mass. 

e. The horny beak ; seen to be formed in relation wnth 
a special fold of the lining membrane of the roof of 
the mouth. It lies wholly within the circular Up, 
seen in section to be thick and fleshy. 

/ The salivary duct ; opening into the roof of tlic 
mouth by a minute orillce situated just above the 
odontophore. 

F. The Pedal Gland. 

This is best examined at this stage, by removing tlie foot 
to one side of the middle line. It has the appearance of a 
white flufly-looking mass, lying immediately above the 
pedal disc, and extending back for two-thirds the length of 
the same. Open it up with care— it consists of a coecal 
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diverticulum of the integument, opening below the mouth 
by an expanded orifice/' (Cf. Sect A. i. c. /?.) 

Compare the same, as seen in a transverse section across 
the foot. Note its thick glandular walls and central lumen. 
It is accompanied on either side by a well-defined lateral 
pedal blood sinus, 

(;. The Eeproductive Organs. 

1. Pin the animal down as directed in Sect D., and re- 
move the right half of the body-wall posterior to the 
genital orifice, togetlier with the rectum. Dissect off 
the visceral sac and examine in order — 

a. The o7*oteslis or hermaphrodite gla?ni; a small white 
mass, buried up in a fossa of the right loljc of the 
digestive gland. Remove sufficient of the latter 
to fully expose it 

b. The duct of tlie ovotestis or hermaphrodite dud; a 
short highly convoluted glistening white duct, 
passing upwards from the ovotestis towards the 
main mass of the reproductive apparatus. 

2 . Remove sufficient of the right lobe of the digestive 
gland to liberate the ovotestis and hermaphrodite 
duct; note — 

a. The albumen gland: a large greyish white structure 
lying, apex downwards, to the immediate left of the 
duct of the ovotestis. 

This gland swells up very rapidly under water, in 
the manner of the glandular segment of the Frog’s 
oviduct already described (p. 53). Dissection may 
conveniently be carried on under weak alcohol. 

M. 19 
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Tn the vicinity of the base of this gland, the 
genital organs come into close apposition with the 
intestine and aortic: vessels. Carefully liberate 
them m ?tiasse from their surroundings and pin 
down under water —the albumen gland with its 
flattened face uppermost. Now follow in order — 

'riic flirt lier c'ourse of the hermapJu'oditc dud. On 
reaching tlie al])umen gland it becomes suddenly 
constricted, to form an exceedingly delicate thread- 
like tube. As tliis is usually c'^f a dead- white colour 
it can be seen through the more transi)arent albu- 
men gland, in tlie suiierficial portion of which it lies 
buried. It passes for a short distance towards the 
apex of this gland, and then, turning sharply upon 
itself, is continued straight back towards the base 
of the same ; it here becomes suddenly enlarged 
to form a convoluted duct with sacculated walls, 
which is continued on towards the genital orifice. 

The transition between the two segments of the 
hemaphrodite duct here described, is so sudden as 
to make it appear that they arc distinct structures; 
hence it is that the sacculated segment is sometimes 
spoken of as an oviduct. 

Its walls are beset externally by a continuously 
straight series of glandular follicles, making up an 
accessory^glafid (so-called prostate). 

Open up the albumen gland and note its spacious 
central duct. Jt will be found to enter the enlarged 
‘‘head” of the sacculated portion of the hermaphro- 
dite duct. Follow the hermaphrodite duct onwards 
- -its sacculations gradually disappear, and it 
suddenly divides into two — oviduct and vas deferens. 
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€, The ovichict; a very short thick-walled tube, entering 
into immediate relationship with a large white sac 
— the dart sac (§ 3 e). 

f. Tlie 7'as deferens; a thin-walled tube, arising side by 
side with^^^, but of lesser calibre than it. Its inner 
end is tied down to the female duct ; leaving this 
it i)asses under the retractor muscle of the right 
tentacles and becomes enlarged to form 

g. the penis^ apparent now as the elongated swollen 
end of the vas deferens. It passes to the exterior 
side by side with the female duct. 

It is attaelied to the body-wall of tlie left side by 
a ribbon-shaped 7'eiractor niusclc. Cut this across 
and displace the whole organ. 

h. The sper mat ophoral gland oxflagcllum ; an elongated 
thread-like diverticulum of the base of the penis. 
It is much coiled. 

3 . Remove the entire reproductive system from the body, 
together with a portion of the body-wall immediately 
adjacent to the sexual orifice. Pin the whole down 
carefully under water, and open up the larger ducts 
and their appendages, as they stand related to the 
exterior. Make out in order : 

a. The genital cloaca or vestibule; a shallow integu- 
mental pit, opening on to the exterior by the single 
genital orifice. 

h. The penis. Remove a portion of its enlarged 
eversible base. It opens into the front wall of the 
vestibule ; its lining membrane is produced into a 
fold or prepuce, above which there is usually an 
eminence. 
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c. The oviduct. Follow this down; its first segment 
already described (§ 2 c) is sometimes termed 
the vagina. This opens by a tumid lip into a thin- 
walled terminal segment, which enters the vesti- 
bule side by side with the penis. 

d. The spennatheca or receptaculutn scniinis (receptacle 
of the sperniatophores) ; an elongated diverticulum 
of the above-named terminal segment of the ovi- 
duct, bound down during life to the hermaphrodite 
duct (§ 2 H). Liberate it from this, and note that 
it arises by a short neck which subdivides into 
two ccecal diverticula — a longer and stouter coiled 
one, and a shorter one which terminates in a globular 
enlargement (this lies, during life, tucked away in 
the bend of the first coil of the intestine. Cf. 
§ 2 a). 

e. The dart-sac; an immense melon-shaped diverti- 
culum of the base of the oviduct, in life backwardly 
directed. Open it up and note its powerful muscular 
walls ; lying within it will be seen 

f. the daj'f or spiculum amoris^ a four-bladed calcareous 
projectile. Its head overlies a papillate ingrowth 
of the lining membrane of the sac. 

g. The accessory mucus or digitate glands; two 
branching masses opening side by side into the 
basal segment of the oviduct, immediately above e. 

H. The circulatory system. 

Examine an animal freshly removed from its shell, before 
it is in any way dissected. The pulmonary vein will be seen 
running m the wall of the lung-sac, in front of and in a line 
with the excretory organ. Make an incision in this and 
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introduce a small syringe or medicine-dropper filled with 
injecting material. Seize the vessel and the inserted nozzle 
between the finger and thumb of the left hand, and inject. 
If this simple operation be carefully performed, all the 
leading vessels which carry aerated blood will be injected. 

1. Lay open the pulmonary-sac, and note : 

a. The effcre 7 it pulmofimy vessels ; a uniformly arranged 
series of trunks bringing in the blood from the 
lung-sac ; they unite to form a large pubnojiary 
vein which enters the auricle. 

b. The efferent renal vessels; two or tliree small trunks 
cons eying the blood from the excretory organ to 
the pulmonary vein. 

During the process of injecting these become very 
rapidly filled, and in the exercise of the pressure 
necessary to inject the whole arterial system their 
walls are not unfrcquently ruptured. 

2. Open the heart (cf. Sect. C. i e\ Note the thick 
muscular wall of the ventricle, and the aiiriculo-vefi- 
tricular valves — so disposed as only to admit of a 
passage of the blood from the auricle to the ventricle. 

3. The arterial system. Remove the right half of the 
body-wall and visceral sac, and together with them 
tlie rectum and greater portion of the genital ap- 
paratus — cutting the sacculated hermaphrodite-duct 
across at about its middle. 

There will thus be exposed the great arteries. Work 
them over in the following order : 

a. The aortic trunks a very short vessel, arising from 
the base of the ventricle. It lies to the left of the 
head of the first coil of the intestine, immediately 
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below which it suddenly subdivides into an ante- 
rior and a posterior branch. 

A The auterior aorta; a well-defined vessel running 
parallel with the sacculated portion of the her- 
maphrodite-duct. On entering the body-cavity it 
passes beneatli the first coil of the intestine and 
the adjacent globular liead of the spermatheca 
§ 3 ; it then travels to the right side of the 

body and runs on, beneath the crop, to the anterior 
extremity, branches are given off along its course 
to the genital apparatus, foot, crop, salivary glands 
and tentacles, with the adjacent integument; it 
finally perforates the shea tit of tlie nervous system, 
•ending in relation with the floor of the buccal mass. 
Si)ecial branches accompany the rectum and pedal 
gland. 

c. The posterior aorta; a considerable vessel which ac- 
companies, at its outset, the first limb of the in- 
testine. It descends into the visceral sac, and is 
mainly distributed to those portions of the ali- 
mentary canal and its appended glands contained 
within the same. 

4. Tne venous system. With the exception of certain 
well-defined sinuses and vessels detailed below, the 
venous channels consist mainly of a series of lacunar 
s])aces, in free communication with the body-cavity. 
Reference has already been made (Sect. F.) to the 
lateral pedal si/ius^ and if, in an uninjured Snail, the 
point of the injecting apparatus be carefully inserted 
into this, no difficulty will be found in demonstrating 
the existence of the vessels here described. 

Having injected the animal, reflect the lung-sac, 
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cutting close alongside the rectum, in order that that 
portion of it bearing the smaller pulmonary vessels 
may be reflected intact. 

Note in order : 

a. The circulus venosus pulmonis ; a great sinus sur- 
rounding the base of the pulmonary sac. 

A The ma7'g;inal sinus of the visceral sac ; a spacious 
channel continuous with a. posteriorly and running 
within the thickened edge of the visceral sac. 

On exposing the interior of the pedal sinus in an 
uninjected specimen, there will be seen opening 
int(; it the orifices of adjacent lacunae. During the 
process of injection from the above sinus the fluid 
introduced passes through these — partly into the 
body- wall, partly into the body-cavity — in cither 
case finally reaching the pulmonary circulus, to- 
wards which all those channels in which venous 
blood circiiLites eventually converge. 

c. The afferent pulmonary vessels ; arising from the pul- 
monary circulus on all sides. They alternate with 
striking regularity with the efferent pulmonary 
vessels, the two sets of trunks being connected by 
a well-differentiated respiratory plexus. 

The afferent pulmonary vessels of the left side 
and front wall of the lung-sac are elongated. 
Those of its right side are very short, but in so far 
as their relations to the lung-sac are concerned 
they differ from their fellows in no other respect ; 
after leaving that to reach the heart however, they 
enter the excretory organ and break up within it 
into a renal plexus^ from which the efferent renal 
vessels previously described (Sec. H, t b) arise. 
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The walls of the vessels concerned in respiration 
are frequently pij^mented. The entire pulmonary 
system can therefore be generally followed in an 
uninjured specimen, without the aid of injection, by 
examining with care the wall of the lung-sac from 
the outside. 

r. The nervous system. 

f. Pin the animal down right side uppermost and open 
up the lung-sac, cutting along the edge of the rectum; 
divide the latter, together with the adjacent excretory- 
duct and lung-sac, across its middle transversely, and 
rcilect the left hand half. Next remove the right 
half of the wall of the body and visceral-sac, together 
wjth the tentacles of the same side and the greater 
portion of the genital apparatus. Remove the foot 
to the level of the pedal gland, and with it the right 
half of the retractor pedis muscle. Follow in the 
order given : 

//. The central nenHms system. It consists of a cir- 
cum-ccsophageal mass, buried up in a loose con- 
nective-tissue sheath. Carefully dissect away the 
superficial portion of the sheath, until the nerve- 
ganglia are exposed (looked at thus from the side, 
but one set will be seen) ; they are — 

b. The supra-a^sophageal ganglia ; two considerable 
masses lying above the gullet, connected together 
by a short band-like cofumissiire. 

c. The pedal ganglia ; two large masses lying im- 
mediately above the pedal-disc. They distribute a 
considerable series of fibres ventrally to the foot 
and pedal gland, and a smaller set laterally to the 
adjacent body-wall. Each pedal ganglion is united 
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to the supra-oesophageal of its own side by a 
cerebro-pcdal cominissiire, 

d. The parieto-splanchnic ganglki; a series of gangli- 
onic masses lying in close apposition, immediately 
behind and a little above c. They give off fibres 
(on the right side tliree sets and on the left two), 
whicli enter the body wall at the base of the 
visceral sac. 

The anterior fibres {pallial mri^es) enter the 
thickened border of the lung sac, within which they 
anastomose. 

The ganglia of eitlier side are connected with 
tlic supra-cesojDhageal by a cerebro-splancJimc com- 
missure^ which runs parallel with but is somewhat 
shorter than the cerebro-pedal one. 

e. T'he posterior-visceral rierve; a single nerve arising 
from d, altogether to the left side. It passes back 
immediately beneath the anterior aorta (which it 
accompanies) to enter the visceral sac. On doing 
so, it gives off branches as under — 

a. A main one, running on to reach the left side of 
the visceral sac. 

y8. A right one, whose fibres can be traced to the 
albumen-gland and duct of the pvotestis. 

y. A dorsal one, arising from the main trunk, in 
the immediate vicinity of the enlarged head of 
the spermatlieca. It is distributed to the excre- 
tory-organ and heart. 

2 . Remove sufficient of the cephalic wall of the right 

side to expose the whole buccal mass. Look for — 
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a. The buccal ncn^es. That of the right side will 
alone be seen \ it arises from the supra-oesophageal 
ganglion, and passes downwards and forwards to- 
wards the buccal mass. Trace it with care it 
passes beneath the dorsal protractor muscle (see 
Sect. E. I b)^ and terminates in a small buccal 
gauglion, lying just behind the enlarged base of the 
salivary-duct. 

Just before it reaches the muscle referred to, it 
usually gives off two or three branches to the 
antero-lateral wall of the buccal-mass. 

b. The anterior visceral nc?Tes : a system of fibres 
• arising from the above ganglion, llie following 

can be seen with case. 

a. A ventral branch, distributed to the oesophagus. 

p. A dorsal one, to the salivary gland, the duct 
of which it accompanies. 

y. An anterior one, to the roof of the buccal- 
mass. 

3. Remove the whole nervous system, together with the 
■ buccal-mass and tentacle-bearing portion of the 
cephalic integument. Pin down under water with 
its posterkir end uppermost, and dissect off as much 
as possible of the sheath of the nerve-collar. Note, 
in addition to the nerves already dissected — 

a. The buccal conunissurc ; a delicate tract of nerve- 
fibres, seen, on raising the cut end of the oeso- 
phagus, to connect the buccal ganglia of opposite 
sides. It passes beneath the gullet. 
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b. The anterior aorta. Its cut end is clearly visible 
at this stage. (Cf. Sect. H. 3 hi) It perforates 
the ncrve-collar ventrally, running beneath the 
parieto-splanchnic and above the pedal ganglia. 

c. The tentacular nerves ; arising, together with the 
labial nen'cs, from the sides of the supra-ceso- 
phageal ganglia. The nerve to the optic tentacle 
is connected with a special ganglionic lobe. 

J. The Sense-Organs. 

I. Obtain a specimen in which tlie tentacles are fully 
extended. Remove the cephalic integument and 
tentacles, together with the nervous system, en ^nasi^e; 
pin down very carefully under waiter a?«id « dissect 
under a lens. Open up the tentacles and note-- 

a. The retractor muscles; two ribbon-shaped bands 
arising from the extreme anterior ends of the 
tentacles ; they i)ass back to be inserted into the 
shell axis, side by .side with the larger retractors 
already described (Sect. E. i a). 

The muscles of the smaller pair of tentacles re- 
ceive slips from the adjacent cephalic integument. 

b. I'he labial tentacle. Note that the upper end of its 
retractor muscle is darkly pigmented. Trace up 
the tentacular which accompanies the muscle; 
it ends in a large pear-shaped ganglion^ from which 
fibres are distributed to the integument investing 
the free end of the tentacle. 

• The nerve sends a branch to the adjacent cephalic 
integument. 

c. The ocular te 7 itacle and eye. Its retractor muscle 
and nerve repeat the conditions described for ^ 3 a 
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large terminal ganglion is present, in relation to 
the integument investing its free end, 

'J'hc visual organ is perceptible as a minute 
black spot, lying to the outer side and a little in 
front of the ganglion. A delicate optic nerve can 
be traced back from it to the tentacular nerve, 
which it enters a short distance behind the above- 
named ganglion. 

2. Remove the eye togetlier with a small portion of its 
related integument, and cxamijie in water under a 
low power. Note — 

'The choroid; a pigmented investment for tlie eye, 
« iw'der cover of which the optic nerve passes to 
reach the retina. 

Ik The crystaUine lens; seen to project freely beyond 
a. in front. It lies under cover of a delicate 
cornea, 

3. The auditory organ. Pin one half of the nerve-collar 
down under water, and, having dissected off the 
superficial stratum of its sheath, examine with a lens. 
Note — 

a. The auditory nen'e ; a delicate undulating trunk, 
lying in the interspace between the ccrebro-pedal 
and cerebro-splanchnic commissures. Follow it 
up~it 'arises from the supra-cesophageal ganglion. 
Below, it enters the otic vesicle,, now seen as 
a minute white speck, overlying the point of 
apposition of the pedal and parieto-splanchnic 
ganglia. 

b. The otic vesicle. Remove this, together with a 
small portion of its surrounding tissues, and 
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transfer in toto to a glass slide. Cover and ex- 
amine in water under a low power. It appears as 
a conspicuous round vesicle, lodging a refractive 
black -looking granular contents. 

Examine under a high power. It is seen to 
consist of a small sac (oiocyst) closed on all sides 
and in no way connected with the exterior. It is 
filled with a fluid contents, in which are suspended 
a large number of small oval calcareous corpuscles 
or otoliths. Trace the passage of the auditory 
nerve into the vesicle. 

K. The reproductive elements. 

Remove a small piece of the ovotestis, anin]f>unt in 
aqueous solution of Eosin. Examine under a low power 
and note — 

a. The hermaphrodite follicles ; small ccjecal diverticula 
of the ovotestis, from the epithelial lining of which 
the sexual products are derived. I'hcy arc arranged 
in grape like aggregates. 

The appearances met with will be found to vary 
with the season of the year. If spermatogenesis is 
going on there will be found, floating in the central 
cavity of each follicle, spermatozoa in all stages of 
development. If the ova arc undergoing maturation, 
they will be found, in all stages, still adherent to 
the germinal epithelium. 

Crush under the weight of a cover-glass and examine 
under a high power. 

a. The ripe spermatozoa. Each is an elongated fili- 
form body, bearing a small head-like enlargement 
at one end. They are commonly met with in 
aggregates. 
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Immature spermatozoa are at times present in 
Jibundancc. They can be recognised by the relatively 
large size of the Miead’, which is oval and can be 
distinctly seen to lodge a small nucleus. (Cf. Lum- 
bricus and Rmia.) 

Ik The ovum. Examine under a high power, 

a. Its shape; usually round, more rarely oval. 
ft, '['he absence of a distinct vitelline membrane, 
y. 'i’he protoplasm ; consisting of a central uniformly 
granular vite/Ins, which graduates ])eripherally 
into a suj)erficial clear layer. 

8. The gennbial vesicle ; a large round structure, 
^usually containing one immense germinal spot, 

I,. Development, ('[’lie Pond Snail, Lymmeus stagnalis.) 
See p. 278. 

Examine the developing eggs from time to time, and look 
especially for — 

a. 'The fertilized ovum during segmentation. It divides 
up into two sets of cells — a smaller rapidly dividing 
clearer set, and a larger slowly dividing yolk-laden 
set (the presence of the yolk gives these an 
opaque coarsely granular appearance). I^ook out 
for polar bodies (see p. 278). 

b. The same at the close of segmentation. I.ooked at 
from the outside the larger cells appear as a dark 
mass, lying within the smaller more transparent 
ones, which have now completely overgrown them. 

c. The gastrula phase, immediately following upon b. 
Examine from beneath and note 

a. the blastopore; a small slit-like orifice on the 
flattened under surface. 
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Examine from the side in optical section. 

p. The archentcroi 2 ; a sac-like pit opening externally 
by the blastopore, its walls are formed of the 
invaginate yolk-bcaring endoderm cells. 

y. The ectoderm ; a single layer of investing cells, the 
product of the more transparent raj)idly dividing 
ones referred to above. 

8. 'riie cleavage-cewity or blasloavie; a spacious cavity, 
enclosed between the investing and invaginate 
layers. 

d, 'fhe Troc/iosp/iere larva; recogniza])le by its egg- 
shaped contour and rotatory movements. 

a. The mouth; a small median orifice situAttul at the 
enlarged end. 

р. I’he trochal ridge ; a saddle-like band encircling 
the dorso-lateral area pre-orally. Look for its 
cilia. 

E^xaminc in oi)tical section and note-- 

y. The foot (it first appears at this stage); a median 
ventral outgrowth of the body wall just behind 
the mouth. 

8. The stomatod(Cum ; a blind sac-like involution of 
the integument, its a])erUire giving rise to the 
mouth. 

с. The arcJmitcrofi ; now partially surrounded by a 
conspicuous large-celled granular mass — the 
digestive gland^ arising as an outgrowth of its 
wall. 

Note the bilateral synmietry of the larva at this 
period. The blastopore appears shifted back, 
as the result of elongation of the embryo and 
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displacement, upon the development of the foot. 
An integumental pit known as the shell-gland^ 
appears at the hind end of the body during this 
stage. 

e. The Veliger larva. A head-segment is now be- 
coming differenliatcd, and the rotatory movements 
of the animal are less marked. Bilateral symmetry 
is becoming disturbed. Note especially — 

a. The velum ; a ciliated pre-oral fold, occupying 
the position of the original trochal -ridge. 

The foot; now greatly increased in size and 
utilized for purposes of locomotion, 
r/. • The eye-spots; two black masses at the sides of 
the head segment. 

f, T'he advanced larva. Tentacles are now appearing, 
as paired outgrowths of the cephalic wall (tlie eyes 
are not carried up by them as in Helix). The 
original bilateral symmetry no longer obtains. 
Note the beat of the heart; tlie presence of the 
visceral sac and of its related shell— -at this stage 
a transparent chitinous cap. The velum is under- 
going a marked reduction. 

If any difficulty is experienced in examining the 
embryos in the living state, they should be liberated 
from, the surrounding albuminous investment by 
means of a couple of needles, and submitted, for 20 
minutes, to the action of I p.c. Osmic acid solution. 
They may then be transferred to alcohol of in- 
creasing strength, and preserved for future ex- 
amination. 



V. 


TTIE FRl^SH-WATER MUSSEL 

( A nodonia Cygmed), 

Under tlie name of Mnesh-water Mussel’ two distinct kinds 
of animals, which are not unfrecjuently abundant in our ponds 
and rivers, arc included; namely, the Anodonia and two or 
three kinds of Unio, The Anodonta is choseK^"^* special 
study here, but what is said about it applies very well to 
nearly all parts of Lniio except the shell. 

The animal is cncU)sed in a shell composed of two pieces 
or values, which are lateral, or right and left, in relation to 
the median plane of the body. The moie rounded and 
broader end is anterior, the more tapering, posterior. If 
placed in a vessel of water, at the bottom of which there is a 
tolerably thick layer of soft mud or sand, and left quite un- 
disturbed, the Anodonta will y^artially bury itself with its an- 
terior end directed oblicpiely downwaids; and the valves will 
sc})arate at their ventral edges for a short distance. At the 
edges of this ‘gape’ of the shell the thickened margins of a 
part of the contained body which is called the viantley be- 
come visible, and between them a large, whitish, fleshy, 
tongue-shaped structure —the foot — not unfrequently pro- 
trudes, and is used to perform the sluggish movements of 
which the Anodonta is capable. Mud ^tracks'* are left 
behind the animal when in motion, as can be seen on ob- 
serving its natural habit in slow running or still shallow 
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waters. If some finely dividing colouring matter, such as 
indigo, is dropped into the water, so as to fall towards the 
gape, it will be seen to be sucked in; while, after a short 
time, a current of the same substanro will flow out from an 
opening between tlie two edges of the mantle on tlie dorsal 
side of the ])Osterior end of the body; and these ^inlialent' 
and ‘exhalent^ currents go on, so long as tlie animal is 
alive and the valves are open. Any disturbance, however, 
causes tlie foot, if it was j)reviously protriuled, to be re- 
tracted, while the edges of the mantle are drawn in and tlie 
two valves shut with great force. d1iis adduciioji results 
from the contraction of two tliitk bundles of muscular 
fibres, which pass from the inner lace of one valve to that 
of the v^uiir, one at tlie anterior and the otlier at tlie 
posterior end of the body, and are called the a?dcnor and 
posterior adductors, d'he valves of the dead Atwdonta 
always gajie, and if they are forcibly sluit they spring open 
again. The reason of this is the presence of an elastic 
band or ligament^ Avldu'h unites the dorsal margins of the 
two valves, for some distance, and is put upon the stretch 
when the valves are forcibly brought together. The natural 
tendency to divarication of the valves resulting from this, is 
held in check during life by the contractions of the afore- 
named adductor muscles. 'Lhese respond to a nervous 
stimulus, and, on the death of the animal, that being with- 
drawn, the full force of the elasticity comes into play, the 
valves becoming divaricated to their utmost extent. 

The animal can be extracted from the shell without 
damage, only by cutting through these muscles close to their 
attachments. It is bilaterally symmetrical, the foot pro- 
ceeding from the middle of its ventral surface. There is a 
total absence of any distinct head segment such as is seen 
in the Snail. 'The mouth is median and situate between 
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a projection, which answers to the under surface of the 
anterior adductor muscle, and the superior attachment of 
the foot. On each side of the mouth are two triangular 
flaps with free pointed ends — the labial palpi — and behind 
these, on each side, two broad plate-like organs, with ver- 
tically striated outer surfaces, are visible. These are the 
gills or braucbuc. In the dorsal region, the integument is 
soft and smooth; on each side, it is produced into large 
folds, the lobes of tlie mantle or pallium^ which closely 
adhere to the inner surface of the valves of tlic shell, and 
end, ventrally, in the thickened muscular and glandular 
margins already mentioned, d'hey j)ass into one another 
in front of the mouth; at the sides, they are united with 
the dorsal edges of the outer gill-plates ; and, behind, 
they extend upwards and on to the dorsal face of the 
body, finally passing into one another above and in front 
of the anus, which is small, tubular, prominent and 
median. Thus the anus is inclosed in a part of the cavity 
bounded by the two mantle-lobes which lies above the gills, 
it is relatively small and shallow, and is termed the supra- 
hnifichial or cloacal chamber ; while the gills, the foot, and 
the palps, hang down into the relatively large infra-hranchial 
chamber which occuiiies the space between the mantle- 
lobes for the rest of their extent. During life the posterior 
margins of the mantle lobes are prolonged for a short dis- 
tance behind the free edge of the valves,, and they come 
into apposition at the point of attachment of the gills 
in such a way as to give rise to two tubes or siphons — a 
dorsal snpra-branchial one which receives the anus, and a 
ventral one communicating with the infra-branchial chamber 
alone. The dorsal si]:)hon is the channel through which 
the cxhalent currents pass; the ventral, that for the inhalent 
currents. 
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The currents arc produced and kept up by the action of 
the cilia, which abound upon the gills, labial palps and 
inner face of the mantle. The gills are perforated by in- 
numerable small ai)erturcs, and the cavities contained 
betw^een the two lamelloe of whicli eacli is formed, are 
in communication, above, with the cloacal chamber. The 
cilia work in such a way as to drive the water in which the 
animal lives from tlie outer surface of each gill towaids its 
interior, lienee, to a large extent, the current which sets 
from the infra-branchial to the cloacal chamber. 

Tlie current of water which is thus coniinually drawn into 
the infra-branchial chamber carries witli it minute organ- 
isms, Infusoria^ Diatoms and the like, and many of these 
are swep't To'tlie fore }jart of the chamber, wliere they enter 
the mouth, and are pro])elled by the cilia which line its 
cavity into the alimentary canal. The latter presents a 
short and wide gullet, a stomach surrounded by a digestive 
gland, a long intestine coiled upon itself, in a somewhat 
coin|;)licated manner, and, finally, a rec'tum, which lies iu 
tl^ middle line of the dorsal aspect of the body, traverses 
the pericardium and the heart which lies therein, and ends 
in the anus. 

The subdivision of the mantle-cavity into supra and 
infra branchial chambers is, in the long run, the result of 
confluence of adjacent gill-laminae with each oilier and 
with the pallial lobes. The gill-perforations, the groove en- 
closed by the labial palps and the aperture of the mouth 
towards which it leads, all open into the lower or inha- 
lent chamber; while the upper or exhalent one receives 
the anus, and both genital and excretory orifices. During 
life the thickened margins of the pallial lobes are in close 
apposition; consequently, the infra-branchial chamber is 
closed below and in front, both it and tlie supra-branchial 
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one communicating with the surrounding medium tlirough 
the agency of the siphonal prolongations of the mantle 
border alone. The walls of the two chambers and the 
surfaces of all the organs contained within them, together 
with the w^hole lining membrane of the alimentary canal, 
are ciliated, and the currents thereby induced set in, as 
before stated, by the lower and out by the iip])er siphon. 
One of lliree courses is open to the inhalent current with its 
suspended food material- -it may pass eitlier through the 
gills, through an inters})ace between the gills and the body 
wall, or into the mouth. Take whichever course it may, it 
finally reaches the sujira-branchial chamber. Jt follows that 
the insetting current is bolli a nutritive and a respiratory 
one, wliile the outset! ing one serves to the 

waste produces of respiration and digestion, togclher with 
the iiroducts of tlie excretory and genital organs. 

The clue to tlie real meaning of the more important 
structural features in tlie organization of this animal, is to 
be souglit in an understanding of the above facts. 

Digestion, that is solution of the proteinaceous and other 
nutritive matters contained in food, is effected in the "^o- 
mach and intestine; .and tlie nutritious fluid, thus formed, 
transudes through tlie waxlls uf the alimentary cavity and 
passes into the blood contained in the blood-vessels which 
surround it. This lilood is thence carried into a large sinus, 
which occupies tlie middle line of the body under the peri- 
cardium and between the organs of Bojanus (see I.aborator)' 
Work E), and receives the greater part of the blood return- 
ing from all parts of the body. From this median vena cava^ 
branches arc given off to the gills and open into the exten- 
sive vascular network which those organs contain. From 
this, again, trunks lead towards the pericardium and open 
into one or other of the two auricles of the heart, which 
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communicate by valvular apertures with tlie ventricle. The 
ventricle gives oflf two aortic trunks, one of which, the nnte- 
rior, runs forwards in the middle line, above the rectum, 
while the other runs backwards, below the rectum. From 
these two aorlai branches are given off which divide into 
smaller ramifications for the different regions of the body, 
and for the viscera, and finally terminate in channels which 
answer to the capillaries of tlie higher animals. 

'fhe pericardial cavity, in which the heart is lodged, is 
situated in the posterior half of the dorsal region of the 
body. Through its thin dorsal wall, and, still better, when 
it is carefully laid 0})en, the heart can be seen beating. Tlie 
auric les contract, and, after them, the ventricle ; the wave- 
like contjq,(^tion of the latter being much tlie more easily 
visible. 'J'he lips of the aiiriculo-ventriciilar apertures are so 
disposed that the blood is impelled from flowing back into 
the auricles, when the ventricle contracts, and is forced out, 
either forwards or backwards, through the two aortse. From 
these it finds its way to the capillaries, and returns from them 
to the vena cava; whence it is carried, through the organs of 
Bojanus, to the branchia:^. Here it becomes purified of car- 
bonic anhydride, and receives oxygen from the water in 
which the branchirc are plunged; and it is finally brought 
back in an arterialized condition to the heart. 

The heart is therefore systemic and propels aerated 
blood. As the heart, in most animals, first appears either 
in close proximity to, or in the substance of, the wall of the 
embryonic alimentary canal, there is no real anomaly in its 
position in the Anodonta, 

The blood of the Anodonta is colourless, and contains 
colourless corpuscles, which resemble those of Man in struc- 
ture and i^resent the same Amcebiform movements. 

The majority of the vessels which convey the blood from 
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the vena cava to the branchiae, traverse the Avails of the 
dark-coloured organs — the organs of Bojanus — which have 
already been mentioned; and they here part with their 
nitrogenous waste matters - The organ of Bojanus playing 
the I'art of a kidney. The cavity of the organ of Bojanus 
communicates, on the one hand, with the pericardium; and, 
on the other, with the exterior, by an a})erturc to which 
reference has already been made. Tims the cavity of the 
pericardium communicates directly with the exterior, though 
by a roundabout way. 

The organ of Bojanus consists of a pair of modified tubes, 
each of which can, like the nei)hridium of the worm, be 
resolved into three segments — an internal non-glandiilar, a 
middle glandular, and a terminal muscular oip^^^^The rela- 
tions of the whole to the pericardium in this animal, are as 
those of any one pair of segmental organs to the body-cavity 
in the worm; and if so be that the pericardium of Anodonfa 
is, like that of the ITog, a direct derivative of the body-cavity, 
the excretory organ is in no way anomalous in its rela- 
tionships. 

The digestive gland of this animal is mainly concerned 
in the elaboration of a digestive fluid. The production 
of combustible carbo-hydrate material- a function by no 
means confined to the liver in other animals -goes on to a 
considerable extent in other tar removed i)arts of the body, 
glycogen being formed. The connective-tissues and espe- 
cially the mantle lobes are remarkable for its presence, it 
being elaborated in the form of large intra-cellular vesicles, 
as the product of activity of certain of the connective-tissue 
corpuscles h 

The nervous system of the Anodonfa consists mainly of 

^ Similar glycogenous cells are met with in the walls of the lacunar 
spaces and on the * mesenteries' of the Snail. 



312 ELEMENTARY BIOLOGY. [CIIAP. 

three pairs of yellow ganglia; the cephalic^ situated at the 
sides of the mouth; the pedal ^ placed in the foot; and the 
parieto-splaacfuiic^ on the under face of the posterior adductor 
muscle. They are united by commissural cords wl’iich con- 
nect the cephalic ganglia with one another, and with the 
]')edal and ])arieto-splanchnic ganglia, respectively. Traces 
of a small foiirtli pair of ganglia may be ol)vioiis on tlie 
cerebro-splanchnic commissures, near the anterior end of 
the pericardium. As the parieto-splanchnic ganglia are 
immediately connected with a patch of sensiferous epi- 
thelium in the roofof the inhalent si})hon, they are sometimes 
regarded as olfactory. The only other sense organs which 
have been discovered, are a pair of auditory vesicles, con- 
nected b y ner vous cords with the {icdal ganglia. 

'The sexes arc distinct. The testes and oiutria are similar 
in character, being racemose glands, which, in the breeding 
season, occupy a great part of the interior of the body. 
T'here is one gland on each side, opening by a minute ai)er- 
ture close to that of the organ of Lojanus. 

The spermatozoa have minute, short, rod-like bodies, to 
which a long, filamentous, active cilitun is attached ; they 
are thrown olT in enormous numbers, and make their way 
out with the exhalcnt currents. 

The ova are sjdierical, and the vitelline membrane is defi- 
cient at one point, leaving a terminal a])erturc or micropyle, 
through which, in all probability, the spermatozoon makes its 
entrance. When fully formed, multitudes of these ova pass 
out of the oviducal apertures and become lodged in the 
chambers of the gills, particularly the external ones, which 
during autumn and winter are completely distended by 
them and the embryos to which they give rise. 

Segmentation is holoblastic, and the early developmental 
phases resemble, in their main features, those already de- 
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scribed for the Snail — the original bilateral symmetry is 
however never disturbed. 

The embryos when hatched, arc so wliolly unlike the 
parent Auodonta^ that they were formerly thought to be 
parasites, and received the name of Gloc/iidiuvi, Eacli is 
provided witli a bivalve shell, and each valve has the form 
of an ccpiilateral triangle united by its base with its fellow, 
by means of an elastic hinge, which tends to keep the two 
wide open. The apex of the triangle is sharply incurved, 
and is produced into a strong serrated tooth, so that when 
the valves approach, these teeth arc directed towards one 
another. The mantle is very thin, and the inner surface of 
each of its lobes presents three papilla), terminated by fine 
])cncils of hair-like filaments, d'he or.d apcidim^ is wide, 
and its margins are ritddy ciliated. 'Eherc is a single ad- 
ductor mu'^cle and a rudimentary foot, from which one or 
two long structureless filaments, representing the hyssus of 
the sca-musscl, proceed. These byssal filaments become 
entangled with one another and tend to keep the ‘Glochi- 
dia ^ in their places. 

The gill-la mi me of Anodiwta will acc'ommodate some 
three millions or more of these Glochidia. If the animal is 
living in conijxmy with fish it will eject them, whereupon 
they attach themselves to lloating bodies— very commonly 
to the tails, fins or gills, of fishes-- -by digging the incurved 
points of their valves into the integument in the latter case, 
and holding on by them as if they were pincers. In this situa- 
tion they become encysted in an epidermal overgrowth of 
the host’s body, within whicli they undergo a final metamor- 
phosis. 

The alimentary canal and foot become more marked with 
the increased development of the whole body ; the gills 
appear, in the form of filamentous outgrowths of the body- 
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wall, which become plumose and subsequently unite to 
form the adult gill-lamcllm ; the byssus is thrown off, and 
the larval shell and adductor muscle are replaced by newly- 
formed valves jHovided with two adductors. The young 
Auodonta at length drops off and falls into its ordinary 
habitation in the mud, a bilaterally symmetrical animal, 
dilfering from its ]>arcnt only in the absence of functional 
reproductive organs. 


LAIlORA'rORV WORK. 

'rhe ^pjij^raction of the foot and consequent displace- 
ment of the viscera, resultant upon death under chloroform, 
may be overcome by killing the animal in water sufficient to 
cover it - heat slowly to about 40^ C. 

In an animal freshTy removed from the water only the 
shell or e^:oskdLion is visible, but if killed as above directed 
this Avill be slightly open, the foot will be protruded as 
in life and the edge of the membrane lining it (the Jiiantlc) 
will be visible. Raise one valve of the shell, by separating 
the mantle from it with the handle of a scalpel, and then 
cut tiirough two strong bodies {the adductor muscles)^ one 
at each end of the animal, which pass from valve to valve 
and prevent their separation. The two valves wall now be 
united only by their ligamcfit, as the result of whose elas- 
ticity they gape ; cut through this, thus liberating one 
valve and work over- - 

A. General external characters. 

I. In the animal now laid bare may be distinguished — 
a, A dorsal border turned towards the hinge of the 
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shell, and nearly straight. A curved vc7ttra1 border^ 
ot)t)osite the dorsal. 

b. A wilier anterior e?id, A narrower posterior end. 

c. A ri^e^bt and left side. 

Pin the animal down under water without removing 
its remaining valve (insert the ])ins oblicjiiely, so that 
tliey embrace, and exercise a downward pressure 
upon, tlie edges of the valve). Examine in order 

a. The mantle or pallium : a bilobed seinitransi)arent 
memljrane, one lobe lining each valve of the shell. 
Examine its ventral border, it is yellowish in colour 
and tiiickened to form a pal Hal muscle. 

b. d’he adductor muscles of the valves ; TwTT" immense 
masses whose cut edges are visible at opposite ends 
of the body. 

c. The retractor pedis muscles ;^smaller masses,’ one at 
the iip])er end of each adductor, d'he anterior one 
is posterior, and the posterior one anterior, to its 
corres})onding adductor. 

d. The protractor pedis muscle; uniform in diameter 
with c. It lies a little below the anterior re- 
tractor. 

e. The lesser 7^et?‘actors ; insignificant bundles of fibres 
arising from the extreme doisal surface of the body 
wall. 

Turn back the parallel lobe, and note under- 
lying it- 

a. d'he ventral portion of the body^ It projects for- 
wards and downwards, immediately behind the 
anterior adductor muscle: it is thickened ventrally 
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to form the locomotor foot; a large, yellowish, 
somewhat ploughshare-shaped mass, whose apex 
projects freely between the mantle-lobes. 

h. The gills or branch he; two lamellar organs on each 
side of tlie body, extending to its posterior end. 

t\ The labial galps : a ])air of membranous folds on 
each side, in front of the gills and immediately 
below tlie ])rotractor [)edis muscle. Note the 
structural similarity between them and the gills. 

1>. The pallial-lobes, in relation to adjacent structures and 

the exterior. The branchial chambers and siphons. 

Remo**«^ti'e animal com])lctely fiom its shell, by detach- 
ing the oilier mantle-lobe from the valve to which it is fixed 
and cutting through the attachments of the muscles to the 
same. 

Pin down under water (the ])ms should ])referably be 
thrust tlirough the adductor muscles). Raise the ])allial 
lobe nearest you with force})S and remove it, cutting along 
its line (jf conlluence with the underlying organs and the 
body wall. Isxamine carefully- - 

u. 'Phe infra-branchial chamber; bounded above and 
externally by the pallial lobe, a — c of Section A. 3 
lie within it. 

Follow the cut edge of the mantle, working from 
behind forwards. It courses along the dorsal 
border of the external gill lamella, whence it passes 
downwards and backwards to reach the labial 
palps; it skirts these in a similar manner, and is 
continued on beneath the anterior adductor 
muscle. 
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b. The month; a wide aperture, lying immediately 
beliind and below the anterior adductor muscle. 
It is encircled by the labial palps. 

c. Examine the thickened posterior border of the 
pallial lobe. It is prolonged l)ackwards for a 
short distance as a pigmented tentacle-l^earing lij» 
— the wall of the ventral siphon. Compare the 
living animal, as it lies with its anterior end buried 
in the sand, and note- - 

tt. 'The projection of the venlial siphon beyond the 
free edges of the valves. 

/i. Tne close apposition of the tliickencd ventral 
margins of the pallial lobes. 

y. The siphonal tentacles. A series of small con- 
tractile finger-like lo])es, the larger of which 
project freely across the siphonal })assage in 
the patli of the insetting current. 

'rouch one of them witli a bristle and note 
the immediate closure of tlie siphonal aperture 
- -the tentacles are highly sensitive. Examine 
one of the longer ones under a lens ; its base is 
swollen and it terminates in a slightly expanded 
and llattcned extremity. 

S. Examine the relations of the gill lamiiice. The 
outer one is confluent with the pallial lobe 
externally and with the inner lamina internally, 
for its whole length: the inner one is confluent 
with the body wall for a short distance in front 
and with its fellow of the opposite side behind ; 
there is a spacious cleft between it and the body 
wall. 
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d. Insert the point of a scissors into the pallial lobe 
immediately above the gill lamirue, and make an 
incision wliich shall pass under the posterior 
adductor muscle and immediately over the line of 
attachment of the outer gill-lamina. A large 
o])cning will be found in the dorsal middle line, in 
the region of the posterior adductor muscle; insert 
the s('issors blade into this and cut oblicpiely 
backwards, d'here will now be laid bare the 
supra-briDitiiuxl or chniial chamber. 

a. E'ollow its boundaries. It ends blindly in front, 
immediately above the most anterior point of 
attachment of the gills. It opens posteriorly by 
* f\Vo orifices; a dorsal median one referred to 
above, and a posterior one, whose lips are 
produced into a short smooth-walled dorsal 
siphon. It is walled in dorsally and externally 
by the pallial lobes and ventrally by the gill- 
lamiiue. 

/3. T'he suspensory lioamcnf of the gills can now be 
seen; it is a membranous fold arising immediate- 
ly beneath the posterior adduc'tor muscle. In- 
sert a seeker from below into the supra-branchial 
chamber, through the cleft between the body 
wall and inner gilMamina. It passes internally 
to this ligament, Avhich therefore subdivides the 
greater })art of the supra-branchial chamber into 
two j^ortions, each of which is in open commu- 
nication with one gill-cavity. 

y. Remove the anterior portion of /? and note, 
opening into the inner subdivision of the supra- 
branchial chamber, the gcnilal a?id excretory 
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orijices; two small apertures lying one above the 
otlicr and embraced postero-ventrally by a 
common lip. (For further details see Sects. E. 
and L. a, C). 

0, T'lic reef urn ; a yellowisli thin-walled tube cours- 
ing over the hind face of tlie posterior adductor 
muscle. It oj[)ens by a terminal wide-mouthed 
anus. 

Introduce into the immediate vicinity of the 
ventral siphon of the living animal some finely 
divided colouring matter. Jt will be drawn into 
this with the inludcnt current induced by the 
diary action at work, and ejected, a little later, 
through the dorsal siphon with th«;^y4.\:dent one. 
(Cf pp. 308- 9). 

c. Note the position and general relations of the 
pericardial cavity. It lies in the middle line 
immediately above the siipia-branchial chamber, 
wholly in front of the posterior adductor muscle. 
I’.xamine in relation to it 

tt. the organ of Kebcr pericardia I ^land^ ; a red- 
brown thickening of the adjacent body-wall 
and i)allial-lobe; it is most conspicuous ante- 
ri(.*rly, above the gills. 

Lay open the cavity of the pericardium and note 
the rectum; a }ellowish tube, passing through it 
on its way to the supra-branchial chamber. It 
is surrounded at its middle by the yellow thick- 
walled ventricle, (For further details see Sects. 
F. and I..) 

Kebers organ can be advantageously seen 
at this stage, if looked at from within. 



[CHAr. 


320 ELEMENTARY BIOLOGY. 

C. The alimentary organs. 

1 . Remove the valve, mantle-lobe, gills and labial-palps 
of the left side, and open up the pericardium. 

Pin down under water (preferably without remov- 
ing the right valve) and dissect away the body-wall; 
the coils of the intestine will come into view, two 
which lie })arallel to one another at the posterior 
end of the body, being probal)ly those first seen. 
Note, lying within the body— - 

a. The {U^^esiivc ^^1 a Jid ; a large greenish-brown mass, 
filling the interspace between the anterior atlductor 
muscle and the pericardium. 

h. 'fhe rcproduciive gland : a yellowush-white mass 
around the coils of the intestine, and tilling 
the greater ])orlion of the body-cavity. 

2 . Remove one half of the digestive gland i)iccemcal 
and i)ick away tlie reproductive gland, until as much 
as ])ossiblc of the course of the intestine is exposed. 
Work out the whole alimentary tube in detail, com- 
mencing at the mouth; examine in order— - 

a. The gullet ; a spacious tube lying immediately 
behind the anterior adductor muscle; it runs 
upwards and backwanls to enter 

b. the stomach, a large irregular sac lying immediately 
in front of the pericardium. 

Both a. and b. arc buried up in the substance of 
the digestive gland; the ducts of this will be seen 
opening into b. by a scries of very large orifices. 
Examine the relationship of one or more of these 
to the lobes of the gland itself. Cf. Sec. L. d, 

c. The intestine. It arises by a wide aperture from 
the floor of the stomach ; insert a scissors blade 
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into it and lay bare its entire lumen — its course 
is as follows. It first passes to the left side down- 
wards and backwards, and, on nearing the hinder 
end of the body, turns upwards towards the peri- 
cardium; it then bends sharply upon itself and 
passes downwards and backwards, in a line with 
the free posterior edge of the body-wall. On 
reaching the middle ventral region it is again bent 
sharply upon itself, passing upwards and back- 
wards altogether to the right side; at about the 
middle of the reproductive gland it becomes 
suddenly greatly enlarged, and passes (parallel 
with the first segment) upwards and forw^ards 
towards the anterior end of the periciirdium. It 
enters this at its base, and, running upwards and 
backwards, leaves it postero-dorsally, finally pass- 
ing over the posterior adductor muscle. (Cf. 
Sect B. d. 8.) 

d. Having laid bare the interior of the intestine, re- 
duce its walls to the condition of median longi- 
tudinal section and examine the intestinal valve or 
typhlosole; a thick rich yellow ingrowth of its lining 
membrane. It is very conspicuous in the first and 
the enlarged terminal segments. 

c. The labial-palps^ in relation to the mouth. Obtain an 
undissected specimen, and, after removal from the 
shell, cut away the anterior end of the body, to 
the level of the labial-palps ; pin down and examine 
from beneath. The aperture of the mouth is oval. 
The labial-palps diminish in size as the mouth is 
reached and they embrace it in a lip-like fashion; 
they are confluent on either side and their free 
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edges enclose a ciliated groove which leads directly 
to the oral aperture. 

/. Scrape off a little of the epithelmm of the intestine; 
mount in eosin and examine under a high power. 
Note the presence of cilia. 

Should difficulty be experienced in following the 
coils of the intestine, recourse may be had to injec- 
tion. Mix equal parts, by bulk, of plaster of Paris 
and water, stir well and strain through fine muslin ; 
inject with a small syringe per amun. 

I ). The gills or branchiae. 

a> Cut out one of the gills and examine it under 
water; it will be found to consist of two lamellae 
united by their ventral edges and enclosing a 
central cavity, which opens into the epibranchial 
chamber above. The gill-cavity is subdivided by 
partitions, which pass from one lamella to the 
other, and carry the larger blood-vessels of the 
respiratory plexus. 

Ik Carefully isolate a small piece of one lamella; 
mount in water and examine with i inch obj. 
It will be seen to be traversed by a great number 
of small perforations, whose walls are supported 
laterally by short chitinous rods; the substance of 
the gill is permeated by a meshwork of large 
vessels. 

r. Examine under a higher power : the margins of 
each cleft are lined by a ciliated epithelium. 

E. The excretory organ (organ of Bojanus). 

Remove the animal from its shell and pin down 

through the adductor muscles. Dissect off the pallial 
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lobe as directed for Sect. B.; lay open the pericardial 
chamber and remove the auricle. The excretory organ 
will now be visible as a blackish mass underlying the 
floor of the pericardium; it becomes more marked 
posteriorly, and extends behind the pericardium, termi- 
nating immediately in front of the posterior adductor 
muscle. 

Remove the anterior two-thirds of the outer gill- 
lamina leaving its cut edge, and then dissect away 
carefully a portion of the anterior third of the outer 
wall of the inner lamina; there will thus be laid bare 

a. The excretory orifice (renal aperture) ; a small pore 
situated immediately below and behind the anterior 
end of the pericardium; it opens ifito'the supra-- 
branchial chamber, immediately above the genera- 
tive orifice. (Cf. Sect. B. d, y.) Insert a seeker 
into it and wash tiie whole under a gentle current 
until quite clean; the seeker will be found to 
project into 

b. the excretory vestilmle (non-glandular portion of 
Bojanus); a thin-walled muscular sac, extending 
back to the hinder end of the pericardium. Open 
it up and gently raise its cut edge ; at its extreme 
anterior end it will be seen to be in communica- 
tion with its fellow of the opposite side, by an 
immense oval inter-renal aperture. 

c. Underlying b. and visible through its thin wall, 
there will now be seen the glandular segment of the 
organ. Open up the posterior portion of this, it is 
tubular and its walls are plicated 

Examine the cut edges of the whole with care; 
note the transition from the glandular to the mus- 
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cular segments, as seen in the cut edge of the roof 
of the hinder portion of b. 

d. Follow the glandular segment forwards; it be- 
comes constricted anteriorly (in the region of the 
inter-renal aperture) to give rise to the thin-wallcd 
segment; a short whitish tube, which opens into 
the extreme anterior end of the pericardial 
chamber by a small re?io-pericardial aperture. 
(Cf. Sect. F. 2. a.) 

F. The heart. 

I. Dissect an Anodonta from its shell, and remove the 
whole ventral portion of tlic body, well below the 
pericardium. Pin the upper portion down under 
water dorsal surface upi)ermost, and carefully lay 
bare the pericardial cavity. 

The heart will now be exposed; it is a yellowish 
transparent sac, probably exhibiting regular contrac- 
tions, composed of a median and two lateral chambers, 
these are 

a. the ventricle; a median pear-shaped body, its thick 
end directed backwards; it embraces the hind 
segment of the alimentary canal. All parts of the 
wall of the ventricle do not contract together; but 
a wave of contraction passes, from one end of it to 
the other, like the peristaltic contraction of the 
intestine in one of the higher animals. 
h. The auricles ; one of these will be seen on each 
side, if the ventricle be gently pushed out of the 
‘ way: each is a somewhat pyramidal sac, continuous 
with the ventricle at the apex of the pyramid. 
c. Remove the dorsal wall of the ventricle and of a 
portion of one auricle. Note the thick spongy 
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nature of the former: at its point of communication 
with the auricle will be seen the auriculv-vcjitricular 
valves; long pocket-shaped flaps, so disposed as to 
admit only of a flow of the blood from the auricle 
to the ventricle. 

2. Remove all but the bases of the auricles, and cut the 
rectum across at its extreme anterior end; turn it 
and the heart backwards, so as to lay bare the floor 
of the pericardium. Running along the middle line 
of this will be seen a large blood-sinus, the vena cava: 
it lies between the two excretory ~orga?is, 

a. At the extreme front end of the pericardiac floor, 
immediately under the point at which fhe intestine 
enters the cavity, will be found the reno pericardial 
apertures; pass a bristle, or seeker, into one of 
them and open up the excretory vestibule of the 
same side. The glandular segment will now be 
seen -the seeker projecting into it. Examine the 
general relations of the excretory organs, and 
their apertures of communication with the supra- 
branchial chamber. (Cf. Sect. E.) 

b. Examine the floor of one of the auricles under 
a lens, first having washed the specimen quite 
clean. Note the large orifices of the efferent bran- 
chial vessels which open into it. 

t\ The organ of Keber, Follow its cut edge; it em- 
braces the antero-lateral region of the pericardium. 
(Cf. Sect. B. e, a.) 

G, The circulatory system. 

I. The arterial system. Lay bare the pericardial cavity 
and insert the point of a medicine-dropper, filled with 
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injecting material, into the ventricle. Inject slowly, and dis- 
sect under water, right side uppermost. "Remove the gills 
of the exposed side, together with the hinder three-fourths 
of the pallial-lobe ; leave the labial-palps, but remove the 
entire body-wall. Work from the ventricle and follow in 
order — 

a. Tlic a?iterior aorta; a spacious trunk embracing the 
rectum dorso-laterally. It runs across the digestive- 
gland to the right side, distributing branches to it 
as it does so, and enters the body immediately 
behind the anterior retractor muscle. Pick away 
the digestive and reproductive glands, and follow 
its course; it subdivides into visceral and pedal 
br&nc^'»es, asunder. 

a. The visceral artery. Its main branch accom- 
panies the first coil of the intestine; it distributes 
blood to the alimentary and reproductive organs. 

The pedal artery. Follow its further course; its 
main trunk skirts the iip^ier surface of the foot, 
and distributes a number of branches to the 
substance of the same. Soon after leaving the 
anterior aorta, it gives off a labial branch to the 
palps, and a pallial one to the anterior adductor 
muscle and pallial-lobe. 

b. The posterior aorta ; a much shorter trunk than a. 
It passes beneath the rectum and is mainly distri- 
buted to the posterior adductor muscle, the pallial 
lobes and body-wall. 

The two pallial arteries of either side anastomose 
within the substance of the thickened border of the 
mantle-lobe. 
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2. Make a perforation in the roof of the ventricle, and 
pass the injecting apparatus through it into one of the 
auriculo-ventricular apertures; inject under a steady pres- 
sure, wash and examine the undissected animal under 
water. There will be seen — 

a. The pallial sinuses ; a series of irregular channels 
permeating the substance of the pallial lobe. 

b. The ejferent pallial vessel; a circular trunk, running 
along the upper surface of the thickened mantle- 
edge; it receives branches from the pallium at all 
points. 

Trace it upwards — it follows the line of attachment 
of the pallial-lobe to the underlying organs (see 
Sect. B.) ; it is coincident, along th^i line of attach- 
ment of tlie gills, with the efferent-branchial sinus 
(d.). 

e. Remove the greater portion of the pallial-lobe, and 
examine the efferent-branchial vessels — a series of 
sliort parallel trunks, lying in the walls of the gill- 
lamella; ; each is formed by the confluence of 
lesser vessels, coming in from the gill substance. 
They open into 

d, the efferent bra 7 ichial smus, a spacious chamber 
overlying the gills ; in the pericardial region it 
becomes expanded to form the auricle (Cf. Sect. 
F. 2. b.). 

3. Remove the rest of the mantle-lobe and open up the 
underlying external gill-lamina, along its line of junction 
with the same. There will be seen running along the top 
of the gill, at the base of the suspensory ligament (Sect. B. 
d, )8.), the afferefit-branchial sinus — a well-defined longitu- 
dinal blood-space; make a perforation in this and inject, 
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backwardly and forwardly. Wash carefully, and remove a 
good portion of the outer wall of the external lamina; there 
will be seen 

a. the affere7it branchial vessels^ a series of short 
parallel trunks, conveying the blood froiii the 
above-named sinus to the gills. 

Examine the afferent branchial sinus and note that 
the injection has passed from it into the ventro- 
external i)ortion of the excretory organ, having 
filled the efferefit rental vessels. 

b. Open up the pericardium, and remove the auricle, 
thereupon exposed. Make a small hole in the 
middle of the vena cava (Sect. F. 2 ) and inject both 
backwivrdly and forwardly, exercising a gentle 
pressure. Wash carefully, and note that the ex- 
cretory organ is now completely injected, the 
colouring matter having passed from the vena cava 
into tlie ajfcrent rcfial vessels. 

c. Remove the anterior half of the gill-laminae, and 
dissect to the level of the vena cava. Follow this 
into the body; it emerges immediately behind the 
rectum, and is seen to be formed by the confluence 
of a number of venous cluxnnels — some of the more 
important of which accompany the intestinal coils. 
Follow it backwards; it can be traced to the under 
surface of the posterior adductor muscle. 

The vena cava can. be dissected from above, as 
directed in Sect. F, with comparative ease, in an 
uninjected specimen; its lumen will admit of the 
passage of a seeker. 

H. The pallial lobe. 

a. Tease up a portion of the substance of the pallial 
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lobe of an animal which has been killed under 
chloroform. Conspicuous among the cells thus 
isolated there will be found large oval or rounded 
ones, each lodging a central refractive globule. 

b. Remove the mantle-lobe from a mussel which has 
been killed as above and subsequently preserved 
in alcohol, and split it into two. Transfer a 
portion of one half to a glass slide, torn surface 
upwards, and treat with iodine solution ; the 
whole will be studded with small brown si:)ots. 
Examine under a high power ; the spots are seen 
to be identical with the globules observed in 
a, (their chemical reactions are those of gly- 
cogen). 

I. The nervous system. 

i. Pin the animal down so as to get the body absolutely 
rigid \ remove the mantle-lobe and gills of one side 
and slit open the organ of Bojanus. 

Wash until quite clean and examine under water. 

a. Find the cejyhro-splanchuic commissures; two parallel 
white cords traversing the excretory organ. Trace 
the near one backwards; it passes round the 
posterior retractor tendon towards the under side 
of the posterior adductor muscle. Turn this latter 
over, so as the better to display its under surface, 
and note 

b. the parieto-splancimic ganglia; two elongated yellow 
masses confluent in the middle line, seen on 
removing the membranous investment from the 
ventral surface of the above-named muscle. They 
distribute branches to the same, to the gills and 
pallial lobe. 
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c. Carefully snip away the membranous tissue at the 
base of the labial palps ; there will thus be laid 
bare the cerebral gafiglia. 

Each is about the size of a pin’s head, and 
somewhat triangular in form; it lies immediately 
in front of the protractor pedis tendon, and dis- 
tributes fibres to the anterior adductor muscle, 
labial-palps and pallial lobe. Examine, in connec- 
tion with the one exposed 
a, the inter-cerebral commissure, 

A short cord uniting the two cerebral ganglia 
across the middle-line, above the gullet 
The further course of the cerebro-splanchnic com- 
mnjure. 

Dissect off the fibrous tissue between the 
anterior retractor and protractor tendons, and 
remove the body-wall, between these and the 
anterior end of the pericardium. The commis- 
sure will be exposed, on carefully picking away 
the superficial portions of the digestive and 
reproductive glands along the same line. 

d. Remove a small portion of the body-wall along the 
point of origin of the muscular foot, and pick away 
the genital gland until the pedal ganglia are reached; 
they are a pair of deep-orange-colourcd oval 
bodies, each rather larger than a big pin’s head, 
applied to one another in the middle line, near the 
point of junction between the body and the mus- 
cular foot. 

Branches are given off to the muscles of the 
foot and to the auditory organ. See infra. 

e. The cerebro-pedal commissure ; a cord which runs 
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upwards and forwards, from the pedal to the cere- 
bral ganglion of either side. 

(Cf. Sect. T./) 

The cerebro-splamlmic commissures run close 
together and parallel with each other, in their 
course from behind forwards ; on leaving the peri- 
cardial area, they suddenly diverge and pass down- 
wards and forwards to meet tlie cerebral ganglia. 
If one of the commissures be removed and 
examined under a low power, there may occa- 
sionally be found, at the point of divergence, an 
enlargement {visceral ganglion), 

J. The auditory organ. 

a. This is rather difficult to dissect o\it in A nodon: 
it is a small sac which may be found by tracing 
back the posterior cords given olf from the pedal 
ganglion, to a branch of one of which it is attached. 
There is a vesicle connected with each pedal 
ganglion. 

Failing the above, the otocyst can best be found 
by removing a portion of the reproductive gland 
lying immediately behind the pedal ganglion, and 
examining under a low power. 

b. If a fresh Cyclas^ be obtained, and its foot re- 
moved, mounted in water, and examined with 
I incli obj., the auditory sac can readily be seen 
Avith a constantly- trembling particle, the otolith^ 
in it. 

K, The shell or exoskeleton. 

a. Its two hardened lateral pieces or valves; each 
with a straight dorsal and a curved ventral edge, 


^ Cyclaa cornea — a small fresh- water lamellibranchiate mollusk. 
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and an anterior larger and posterior smaller end, 
the latter compressed dorso-laterally — note the soft 
chitinous ventral edge of each valve. 

b. The umbo; a small blunt eminence on the 
dorsal border of each valve near its anterior 
end; its apex is directed forwards. 

Note the delicate texture of this area. 

c. The //j^amout ; an elastic uncalcificd part of the 
exoskelcton behind the umbones, uniting the two 
valves and tending to divaricate their ventral edges. 

(b External markhi^^s. The outside of the shell is 
greenisli brown, and on it - are seen a number of 
concentric lines of growth^ running parallel to the 
margin of the shell and more numerous towards 
its ventral edge. 

e. Detach one valve by cutting through the ligament 
with a scissors; before removing the animal 
examine underwater, and note the relations of the 
chitinous ventral edge {a.). It extends along the 
straight dorsal border of the valve in front of the 
ligament ; and from that point in front, as from 
the posterior edge of the ligament behind, it is 
sharply inflected — passing inwardly to be reflected 
on to the free border of the pallium. (Cf, Sect. 
L. a. y.) 

J. Internal markings. The interior of the valve is 
white and iridescent : on it are seen, near the dorsal 
border, two oval scars, the anterior and posterior 
adductor impressions. 

Joining the two adductor impressions is a double 
curved line, the pallial impression, which marks the 
point of attachment of the pallial muscle. 
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In front of the posterior adductor impression, is 
seen a small scar of attachment of the posterior 
retractor muscle. 

Behind the anterior adductor impression are two 
others, one opposite its upper, the other opposite 
its lower end: the former indicates the point of 
attachment of antc7'ior retractor^ the latter of the 
protractor pedis muscle. 

The adductor and retractor scars are not unfre- 
quently confluent, and there extends from each 
into the umbo a fainter ta[)ering impression, in- 
dicative of the growth of the muscles themselves 
as tl\e animal has increased in size. 

Prepare (as directed for the Crayfcjh on p. 203) 
a dried section across tlie middle of one valve, cut 
at right angles to its long axis. Mount in Canada 
balsam and examine under a low power, note — 

(t. The cpiostracum ; a thin uncalcified superficial 
layer; it is greenish-yellow in colour, and very 
frequently torn away in the process of grinding. 

jS. The prismatic layer; composed of elongated 
columns of calcified substance running parallel 
with each other. 

y. The nacreous or pearly layer; immediately in- 
ternal to /?. Its relative thickness is proportion- 
ate to the age of the animal from which the 
valve was taken. 

Examine under a high power — it is finely 
granulated and traversed by delicate longi- ^ 
tudinal strise. 

8. Make a tangential section across the prismatic 
layer and examine under a low power. The 
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prisms are mostly hexagonal or pentagonal in 
contour; transverse diameter variable, often in 
proportion as the section passes through their 
inner ends. 

6. Dissolve out the earthy matter from a piece of 
a valve, by treatment with weak hydrochloric 
acid. An organic basis remains behind, conform- 
able in shape to the fully formed structure. 

L. The study of transverse sections. 

Remove one valve from an animal which has been dead 
some 6 — 8 hours, and make sections as directed below — 
cutting through the soft parts with a razor or sharp scalpel 
and through ^the remaining valve with a bone-forceps. 
Examine under water, and if some of the more minute parts 
to which attention is directed do not fall in the plane of 
section, dissect until tliey are reached. 

Sections a^ b^ c, c, and f to be transverse to the long axis 
of the body, d to be oblique. 

a. Through the anterior pericardial region, immedi- 
ately behind tire excretory and genital orifices. 
Work over — 

a. The body ; median, laterally compressed below. 
Note the muscular nature of the body-wall; it is 
thickened ventrally to form the locomotor foot — 
above the gills it is expanded dorso-laterally and 
modified to form the organ of Kcber, 

/3. The pallial lobes; membranous outgrowths of the 
thickened dorsal region of the body-wall; they 
are in close apposition with the valves. Note 
the thickening of their free borders to form the 
pallial muscles. 
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y. The exoskeleton. Observe that this forms, during 
life, a continuous investment for all the exposed 
surfaces of the body, with the exception of the 
foot. It consists of a pair of calcareous valves^ 
which pass — dorsally into a cornijied ligament — 
ventrally into a chitinous free-horder^ which is in- 
flected on to the edges of the pallial muscles. 

8. The hranchicL; two pairs of lamellate organs, 
confluent with each other and the body-wall 
internally and with the pallial-lobes externally. 
Examine their central cavities and attachments, 
noting especially the subdivision of the supra- 
branchial chamber into two, by the suspensory 
ligament of the gills. (Cf. Sect. R r/, /8.) 

c. The body-cavity. This is almost obliterated by 
the great development of the reproductive gland; 
note the large pericardial chamber^ situated in the 
dorsal middle line. 

The viscera. The cut edges of the intestine will 
be seen, lying within the body and traversing the 
pericardial chamber. 

The excretory organ; median and paired, lying 
immediately beneath the i)ericardial chamber. 
The glandular segments of opposite sides are 
seen to be approximated in the middle line; 
note the reno-pericardial apertures lying imme- 
diately above and internal to the attachments of 
the inner gill lamellae. The muscular segments 
are here confluent in the middle line, enclosing 
a spacious cavity ; dissect to the level of the 
excretory orifice of one side, and note that it is a 
perforation of the floor of this segment, opening 
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into the supra-branchial chamber, internally to 
the suspensory ligament of the gills. 

The cerebro-splanchnic nerve mmnissures will be 
found, closely applied to the ventro-internal walls 
of the glandular segments of the above. The 
vena cava here lies in the middle line immediately 
below them. 

The reproductive gland; a yellowish mass, 
filling up all the available space in the infra- 
branchial portion of the body-cavity. 

Dissect it away on one side to near the level of 
the excretory orifice; there will thus be laid bare 
the genital duct. Insert a bristle into this and 
open it up; it communicates with the supra- 
branchial chamber immediately beneath and in- 
ternal to the excretory orifice (Cf. Sect. B, d^ 
y). Follow the duct down and note the orifices 
of the smaller ducts which open into it, and by 
whose confluence it is formed. 

A good notion of the ramifying nature of this 
duct may be obtained by means of injection. 

//. Pick away the reproductive gland and note the 
transverse muscles; delicate tracts of tissue pass- 
ing between the body-wall of opposite sides. 

Examination of the above section will render it 
clear that the pallial lobes arc paired outgrowths 
of the dorso-lateral portion of the body -wall. The 
cavity which they bound during life, is sub- 
divided — as the result of the confluence and 
attachments of the gills — into infra and supra 
branchial chambers ; the latter being partitioned 
off into two portions, the inner of which receives 
the excretory and genital ducts. 
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b, 'Ehrough the middle pericardial region, across the 
lieart and auriculo-ventriciilar valves. Compare 
generally with and work over, in addition. 

a. The ; the inner one is free internally, 

the supra and infra-branchial chambers being 
thus in open communication. 

yS. The excretory organ. Note the increase in 
calibre of tlie glandular segment, as its posterior 
end is neared; the vena cava is here interposed 
between the muscular segments of opposite sides. 

The ccrebro splanchnic commissures lie close 
together beneath the vena cava. Cf. a. 

y, I'he perica7'dial chamber and heart. The former 
is here at its maximum of development. Observe 
the fleshy wall of the ventricle and the thin auri- 
cles; the anricido-ventricular valves are pocket- 
shaped ill section, their mouths being directed 
towards the ventricle. 

Note the course of the rectum; it traverses 
the ventricle, but is in no way bound down to it. 

c. Through the middh' of the posterior -adductor 
muscle. 

a. The attachments of the adductor viusclc; it tra- 
verses the body and pallial lobes, and is inserted 
directly into the substance of the valves of oppo- 
site sides. 

yS. The rectu?n; lying in the dorsal middle line 
immediately above the adductor muscle. 

y. The supra-bra?ichial cha7nber; completely shut 
off, by the confluence and attachments of the 
gills, from communication with the infra-bran- 


M. 
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chial one, except through the gill-slits. Its dorsal 
prolongation (cf. Sect. B. d), seen, in section, as 
a small cavity overlying the rectum. 

S. The paricio-sphifichfiic ganglia; two yellow bo- 
dies confluent in the midddlc line, buried up in 
a connective tissue sheath, immediately beneath 
the i)Osterior adductor muscle. 

ii. Obliquely backwards, through the stomach and 
first coil of the intestine. Examine from behind, 
tt. The stomach; a spacious sac, passing into the 
intestine below. The orifice of the gullet is 
seen as a wide transverse aperture, situated near 
its roof. Immediately below this there is a cor- 
responding depression, which receives the main 
ducts of the digestive gland — two enormous tubes 
admitting the seeker with ease; note the pre- 
sence of a series of lesser ducts. 

The intestine; passing straight down in tlie middle 
line. Note the typhia sole; a median ingrowth of 
the lining membrane of its front wall. 

y. The labial palps. These, like the gills, are con- 
fluent — externally with the pallial-lobes, inter- 
nally with each other and the body wall; thek 
free edges enclose a ventral ciliated groove. 

t\ Through the anterior adductor muscle, immediately 
in front of the mouth, 
a. llie adductor muscle. Cf. c. a. 

/i. The mouth; median, transversely elongated. It 
lies immediately beneatli the adductor muscle, 
and is embraced on all sides by the labial palps, 
which are confluent round it. Note that they 
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are so disposed that the ciliated grooir (cf. suj^ra) 
leads directly to the mouth aperture, 
y. The /oot; a fleshy mass, projecting forwardly, 
immediately below the mouth. 

/. Dissect away the adductor muscle and labial palps 
on one side, and note the relations of the retractor 
and protractor pedis muscles. Their fibres are largely 
derived from the muscular layer of the body-wall; 
follow them to their attachments. (Cf. Sect. A.) 

Find the cerebral gafi^lion of the same side (see 
Sect. I. c) and trace the course of the ititer- 
cerebral commissure ; it runs over the gullet, in 
the substance of the labial-pali^s. Follow in like 
manner the cerebropedal commissures ^ until the 
pedal ganglia are reached ; note that these — like 
the parieto-splanchnic ones — are confluent in the 
middle line. 

M. The reproductive elements and the larva. 

a. The animals are dioecious, but the reproductive 
organs are similarly constructed in both sexes : 
they vary much in size with the season, being 
large in winter and spring, but small at other times. 

b. Tease up a small portion of the ovary in eosin 
solution, and examine under a high power. The 
ripe ova are large, rounded, rarely ovoidal bodies, 
and their special features are — 

a. The vitelline membrane; usually separated from 
the ovum by a cavity filled with a coagulate 
albuminous fluid. 

The micropyle ; a perforation, or frequently a 
short neck-shaped prolongation of a. 


2 
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Look for specimens in which tlie ovum is pro- 
longed into a stalk passing through the above 
— the remnant of an original pedicle of attach- 
ment to the germinal epithelium. 

y. The germinal vesicle; very large and transparent; 
it is rounded and usually contains two germinal 
sj)0ls — a larger and a smaller one in close appo- 
sition. 

c. The Glochiditnn larva. If the outer gill appear to 
be thick and distended, it will be found full of the 
above. Note, while living, the characters of their 
shells, the entangled byssus filaments, with which 
they arc provided, and the spasmodic contractions 
of the adductor muscle. 

Preserve a portion of the larva-laden gill (taken 
from an animal killed under chloroform) in spirit ; 
when well hardened stain with magenta and exa- 
mine under a low power. Look for individuals 
whose valves gape, and note- 

a. The lan'al exoskeleton ; composed of two trans- 
parent valves, united dorsally by an elastic hinge. 

The shell-teeth ; formed on either side as a spur- 
like inflection of a. Each terminates in a sharp 
upwardly directed spike, and its exposed surface 
is produced into a number of parallel serrated 
ridges. 

y. The adductor muscle; a powerful transverse band- 
passing between the upper parts of the two 
valves. 

S. The mantle. This consists, at this stage, of very 
large cells whicli project freely into the enclosed 
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cavity. Three sets of bristle-like appendages are 
developed in connection therewith; an upper 
one — passing obliquely downwards immediately 
beneath the adductor muscle, and two shorter 
ones passing upwards, immediately above the 
shell-teeth. 

c. The byssus; an elongated, transparent, much- 
tangled filament, projecting beyond the free edges 
of the valves. 

d. Examine a similar larva from the side. The valves 
are quite transparent, and there can be seen through 
them 

tt. the adductor muscle; api)earing as a median dark 

m- 

mass. 

The visceral mass; a somewhat less conspicuous 
mass lying in one of the top corners, altogether 
to one side. 

y. 'I'he byssus organ; a conspicuous transparent 
tube, arising from j8. and coiled upon itself. It is 
unpaired, being present on one side of the body 
only. 

h. Note the shape of the shelly valve; it tapers off 
below to form the shell-tooth. Focus to the 
level of this, and examine its serrations. The 
valve is seen to be dotted all over by minute 
perforations — pore-canals. 
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and //! fitsca'). 


If a waterwced, such as duckweed, from a pond, is placed 
in a glass and allowed to remain undisturbed for a short time, 
minute gelatinous-looking bodies of a brownish or green 
colour may fre([uently be found attached to it, or to the sides 
of the glass. I'hey have a length of from | to | of an inch, 
rarely more, and arc cylindrical or slightly conical in form. 
From the free end delicate filaments, which are often much 
longer than the body, proceed and spread out with a more 
or less downward curve, in the water. These threads, which 
are the tentacles^ may vary in number if touched they 
rapidly shorten and together with the body shrink into a 
rounded mass. After a while, the contracted body and the 
tentacles elongate and resume their previous form. These 
are Polypes^ the brown ones belonging to the species usually 
termed Hydra fusca, the green to that called IT, viridis. 
The polypes generally remain attached to one spot for a 
long time, but they are capable of crawling about by a 
motion similar to that of the looping caterpillar; and, 
sometimes, they detach themselves and float passively in 
the water. 

^ In //. Ilexactiudla^ an Australian species, their number is in* 
variably six. 
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When any small animal, such as a water-flea, swimming 
through the water comes in contact with the tentacles, it is 
grasped, and conveyed by their contraction to the aperture 
of the wide mouth, which is situated on the summit of a 
cone {Jiyposiome) in the middle of the circle formed by the 
bases of the tentacles. It is then taken into a cavity which 
occupies the whole interior of the body; the nutritive 
matters which it contains are dissolved out and absorbed 
by the substance of the Hydra; and the innutritions 
residuum is eventually cast out by the way it entered. 
Small pieces of meat, brought within reach of the tentacles, 
are seized, swallowed and digested in the same manner. 

If a Hydra is well fed, bud-like projections make their 
appearance upon the outer surface of the body. These 
gradually elongate and become pear-shaped. At the free 
end a mouth appears; and around it minute processes are 
developed and grow into tentacles; and thus a young Hydra 
is formed by gemmation from the parent. This young Hydra 
becomes detached sooner or later, and leads an independent 
existence; but, not unfreqiienlly, new buds are developed 
from other parts of the parent before tlie first is detached, 
and the progeny may themselves begin to bud before they 
attain independence. In this manner, temporarily compound 
organisms may be formed. Experiments have shewn that 
these animals may be cut into halves or quarters and that 
each portion will repair its losses, and grow up into a perfect 
Hydra; and there is reason to believe that this process 
of fission sometimes occurs naturally. 

The Hydra multiplies by budding through the greater 
part of the year; but in the summer sexual organs appear 
in the form of projections of the surface of the body, 
'^riiese, when ripe, may be resolved into a larger and a 
smaller set. The latter may appear on any part of the 
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body, but they are not unfrequently restricted to the free 
end, at or near the bases of the tentacles. Within them 
{testes) great numbers of minute spermatozoa^ each moved 
by a vibratile cilium, are develo23ed and eventually set free. 

The former are large globular bodies, from one to eight 
in number, usually formed near the attaclied end of the 
polype. Each becomes much larger than tlie testis, and is 
the ovary. Within it is developed a single large egg-cell, or 
ovum. This ovum, whicli is a huge nucleated cell, is im- 
pregnated by the spermatozoa and undergoes division into 
two parts. Eacli of these again divides into two; and so 
on, until the ovum is broken up into a number of small 
embryo-cells. The mass of embryo-cells thus formed be- 
comes surrounded with a thick, usually tuberculated or 
spinous, case; and, detaching itself from the body, forms 
the ‘egg,^ from which a new Hydra is developed. 

Microscopic examination shews that the body of the 
Hydra is a sac, the wall of whicli is composed of two 
membranes, a transparent outer (eetoderm), and a coloured 
inner (endoderm). The tentacles are tubular processes of 
the sac, and therefore are formed externally by the ectoderm 
and lined internally by the endoderm. Both the endoderm 
and the ectoderm are made up of nucleated cells; the inner 
ends of certain of these are prolonged into delicate fibres, 
those of the ectoderm, which are most marked, running 
parallel with the long axis of the body. The green colour 
of the Hydra viridis results from the presence of chloro- 
phyll grains imbedded in the protoplasm of the endoderm 
cells. 

The cells of the ectoderm, and especially that of the 
tentacles, contain very singular bodies, — the so-called 
urticating capsules^ thread cells^ or nematocysts. These are 
oval bags, with thick and elastic walls, containing a s])irally 
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coiled or looped filament which can be unrolled, present- 
ing the appearance of a long filament attached to the 
capsule, and often provided with recurved spines near its 
base. As similar capsules of a larger size are the agents 
by which many of the jelly fishes sting severely, just as 
nettles do when they are handled, there is every reason to 
believe that the thread-cells of the Hydra exert a like 
noxious influence upon the small animals which serve as 
its prey. Very rarely, nematocysts are to be found in 
individual cells of the endoderm; there is reason to believe 
that they are introduced with the captured prey, but argu- 
ment from analogy to allied hydroids renders it probable 
that they may be developed in situ. 

The chlorophyll granules contained in Uie endoderm of 
the green Hydra arc doubtless functional in the manner of 
those of the plant-cell, but none but faint traces of an 
‘assimilation product^ have yet been observed. The brown 
or orange-coloured particles predominant in the endoderm 
of the other species, and rarely present in that of H. 
viridis^ are probably identical with the chlorophyll bodies 
(see Laboratory work)’. 

The larger endoderm cells of Hydra are throughout life 
amoeboid, and the like is partly true of the ectoderm in at 
least the young state of one variety {H, viridis mr. Bakeri), 
The Hydra, then, may be compared to an aggregate of 
Amaibce, which are arranged in the form of a double-walled^' 
sac and have undergone a certain amount of metamor- 
phosis. 

The cavity of the body alone represents a stomach and 

^ It has been assumed, upon this, that the green and brown species 
are mere varieties of one and the same. On the other hand, structural 
differences in the nematocysts and their parent-cells have been claimed, 
as sufficient to justify a subdivision into three species. 
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intestine; there are no organs of circulation, respiration or 
urinary secretion; the products of digestion are doubtless 
transmitted, by imbibition, from cell to cell, and those of 
the waste of the cells exuded directly into the surrounding 
water. While the Hydra has none of the special appara- 
tuses which are termed glands, definite secretory cells are 
nevertheless present. Among the more important of these 
are those developed in the ectoderm of the foot which are 
utilized for purposes of adhesion, and the secretory cells of 
the endoderm, most numerous in the hypostome, which is 
eversible. 

Nematocysts are generally, but not invariably, ejected, if 
any portion of the body which bears them be touched. 
Certain of the (^ctoderm cells, usually, if not always, lodging 
nematocysts, bear each a stiff filament or cnidocil such as 
can readily be seen in life projecting beyond the free surface 
of the tentacles. Continuity has been traced between these 
cells or cnidoblasts and certain small iierve-cells sparsely dif- 
fused in the deeper layer of the ectoderm; the whole con- 
stituting an elementary neuro-sensiferous apparatus, through 
the agency of which control of at least the cnidoblasts and 
their contained urticating capsules is exercised. 

'rhe fully formed Hydra may further be compared to 
those animals previously dealt with, al that stage in their 
development Avhen the body consists of a double-walled sac 
(cf. especially the gastrula stage of the Snail and its repre- 
sentative in the Crayfish). The inner layer gives origin, 
in the latter, to the digestive epithelium and its appended 
glands; in Hydra it forms the digestive layer. The ecto- 
derm is, in all, protective, and from it such neuro-sensifer- 
ous organs as are formed, exclusively arise. Between the 
applied surfaces of the ectoderm and endoderm there is 
interposed a gelatinous middle layer, which, under the 
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action of reagents, appears as a structureless membrane. 
This furnishes attachment for the cells themselves and sup- 
port for the body generally; its optical characters in the 
prepared state are expressed in the term supporting lamella, 
its real nature more nearly in that of mesoglma. 

It is possible that the longitudinal fibres connected with 
the cells of the ectoderm may be specially contractile, and 
represent muscles; but, however this may be, each cell has 
its own independent contractility. Similar fibres, disposed 
transversely, arise from the bases of the endoderm cells. 
These have been met with only in the body, and they ap- 
pear to be in connection with the fibres of the ectoderm 
cells, by means of delicate fibrils which perforate the above- 
named inesogkxja. 


. LABORATORY WORK. 

1. Put into a beaker some water containing bodies to 
which llydrse are attached, and place the beaker in a 
window not exposed to direct sunlight : in the course of 
some hours many Hydrae wall be found attached to that 
side of the glass which is turned towards the light. Note 
their size, form, colour, mode of attachment and move- 
ments, 

2. Transfer a Hydra, by means of a pipette, on to a 
slide with plenty of water. In order to avoid crushing, 
place the animal between two coversllps, so arranged as 
to support the edges of a third one which shall overlie it. 
Examine with a low power. 
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a. Form. 

a. The body proper; cylindrical, varying much in length 
and diameter with the state of extension of the 
animal; its conical free end (hyposiome) with an 
opening {jnontJi) at its summit. 

It is often difficult to observe the mouth, especially 
in the green species. It may be readily seen however 
if a Hydra, placed in a drop of water without a 
coverslip, be watched under an inch objective, until 
it turns its anterior end up towards the observer. 
Occasionally, under these circumstances, the hypo- 
stome may be everted. 

/i. The tentacles: ranged round the mouth; their num- 
ber and shape ; their varying length and diameter ; 
the knOt-like eminences on them. 

Look for developing tentacles, shorter ai\d more 
rigid than the rest. Very rarely, one or more may 
branch. 

y. The base (so called foot ) ; a flattened disc ; narrower 
or wider than the body, according, to the state of 
extension of the latter. 1 1 is functional as an organ 

of adhesion. If the animal be attached, its se- 
cretory product can often be seen, as a transparent 
laminated mass, interposed between the body and 
the surface of attachment ; if the animal be free, the 
disintegrating remains of the same are often to be 
found adherent to the ‘foot’; if it be forcibly de- 
tached, rupture of the base of the polype may ensue, 
the animal ai)pearing to possess that which has 
been erroneously termed an ‘anus’. 

8. The buds; young "Plydroe, of various sizes and stages 
in development, attached to the sides of the parent. 
There may lie one or more of them. 
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€. The sex-of'gans^ if present; colourless prominences, 
variable in number and position (cf. Sect. 8). 

€ may be one or more absent, or all may coexist, 
in individual specimens. 

b. Structure. 

a. The animal evidently composed of two layers, an 
outer transparent, ectodenn, and inner, endodenn; the 
latter alone containing chlorophyll in the green 
species, or such colouring matter as is present iii 
the brown one. The ectoderm is marked out into 
areas, and may with care be seen to be composed 
of distinct cells, though this is a little difficult to 
make out in fresh specimens. 

The body-cavity ; least obvious in the green species, 
freciuently visible in the brown ones as a darker 
central area with which the mouth-opening is con- 
tinuous. Note that it extends into the tentacles; 
corpuscles can, with care, be seen floating within 
these, when extended. 

c. Movements. 

a. The general contractility of the animal; it is con- 
stantly either extending or shortening its body and 
tentacles, and so altering its form and place. 

Its irritability ; slight pressure or other stimulus im- 
mediately causes it to contract. 

3. The tentacles and nematocysts. Attention has al- 
ready been called to the knob-like eminences of the former. 
Note that these are widely separated in extension ; closely 
applied in contraction. Examine one of them under a high 
power, with the tentacle fully extended. 
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a, The cnidocils ; well defined stiff processes, each 
pointed and standing out from the free surface. 

h. The fiematocysts or thread-cells; higlily refractive 
bodies embedded in the common mass. They can 
be resolved into 

tt. Smaller and more numerous ones ; ovoidal, and 
situated almost invariably at the bases of the 
longer cnidocils. 

Larger and less numerous ones (very often one 
only) lying near the middle of the mass ; globular 
wlien seen en face^ flask-shaped when looked at 
from the side. 

r. Run in a drop of magenta solution and watch, under 
a low ])0wer, the ejection of the threads of the ne- 
matocysts. Note from what parts of the body they 
are thrown out. Examine, under a high power, a 
portion of a tentacle beset by them. There will be- 
found : 

a. Short, deeply staining, stout threads, usually thrown 
into a spiral. Note that these are related to the 
smaller nematocysts. 

/9, Delicate whip-lash filaments, from 8 to lo times 
the length of a. Trace them to their origin from 
the larger nematocysts. 

d. Should opportunity offer, examine any small or- 
ganism or other prey that may have been seized 
by the tentacles. When about to be swallowed it 
will be found to be studded by nematocysts, espe- 
cially of the smaller kind. 

4. The asexual buds. (Cf. Sect. 3 a. 8) Examine in 
relation to the parent, under a high power. 
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a. The body-cavity ; in young buds continuous with that 
of the parent; in buds ripe for dehiscence com- 
pletely constricted off therefrom. Note that the 
mouth is formed as a secondary perforation. 

b. The tentacles ; variable in number. A solitary one 
may appear first, the second and third being sym- 
metrical with respect to each other. Compare the 
fully-formed animal. 

The rate of development of the tentacles, indi- 
vidually or collectively, varies under change of tem- 
perature, and their order of appearance is somewhat 
inconstant. There arc usually in the fully-formed 
animal (8 — 12 hrs.), 6 for //. /usea, 8 for //. vi- 
ridis. 

5. The study of prepared sections. Place one or more 
Hydras, preferably in full diet, in Kleinenberg's picric 
acid solution; after two hours^ immersion therein, transfer to 
alcohol of increasing strengths. When fully hardened, stain 
with borax-carmine, imbed in paraffin and cut into trans- 
verse sections. Mount in Canada balsam and examine 
under a low i)ower. 

a. The ectoderm; of uniform thickness and composed, 
for the most part, of squarish-looking cells which stain 
lightly. 

b. The endoderm; composing the inner two-thirds or 
more of the body-wall, extremely variable in thick- 
ness. Its component cells arc highly vacuolated. 

c. The body-cavity (enteron) ; enclosed by b. Variable 
in capacity in different sections, in accordance with 
the state of contraction of the body-wall. 

d. a and b will be seen to be separated by a hard line, 
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which stains deeply. Pvxamine tliis under a high 

power and look for 

a. the mcsogla'a or supporting lamella ; visible as the 
above-named line. 

Kleinc/iberg's fibres (contractile-processes of the 
ectodcrm-cells) ; obvious, if the section be a good 
one, as a parallel series of deeply-stained dots im- 
mediately external to a, 

e. Examine the e('toderm under a high power, selecting 

your thinnest sections. I.ook for 

(i. The larger ectoderm cells; conical, their bases being 
external, and fairly uniform in contour. Each is 
composed of a lightly staining ])rotoplasm, nu- 
cleated and at times vacuolated. Note the strong 
granulation of tlieir free outer l)orders. 

li, 'J'he interstitial tissue ; composed of aggregates of 
smaller cells, at the bases of a; rendered con- 
spicuous by its affinity for the stain and by the 
great development of nematocysts. 

Cf. sections across a tentacle. The knob-like pro- 
tuberances previously seen (Sect. 2 a. /?) will be found 
to consist of aggregates of these cells which have 
reached the surface. Similar eminences, less regu- 
larly disposed, will be found in the body-wall. 

f Elxamine, in like manner, the endoderm. Its larger 
cells will show — 

a. ShapCy irregular ; size and contour^ variable. 

/3. The cell-protoplasm; largely replaced in one or 
more clear vacuoles. It forms peripherally a cell 
membrane, and is generally densest at the base, 
where it is aggregated to form the so-called Toot'. 
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Occasionally some of the vacuoles may be seen to 
contain groups of minute needle-shaped c» ystals. 

y. 'J'he secretory cells of the encioderm ; smaller deeply- 
staining pear-shaped cells, interposed between the 
bases of the larger ones. Numerous and well-de- 
fined in sections across the hypostome, fewer in 
those across the body. "I'liey may be recognized 
by tlieir tapering inner ends, tlie highly-granular 
nature of their cell-protoplasm, and by their small 
deep-staining nucleus. 

y;. Place a Hydra in i per cent. O'^mic ai'id solution for 
24 hours, and then tease ui) a portion of the en- 
doderm in weak glycerine, under a low ])ower. Ex- 
amine, under your highest objective^ and look for the 
Jlayella ; long whip-Iasli filaments, one to six being 
borne upon a single cell. 

As these structures arc capal)lc of withdrawal, cells 
will be ])rescnt which do not bear them. Look for 
specimi ns showing stages in their elongation. 

6. Structural analysis of the individual cells. Pre- 
serve some Hydras in Muller’s fluid (a- -3 days). Transfer 
to alcohol of increasing strengths, and finally tCvase up under 
a low ijower in eosin or hirmato\ylin solution. Alter- 
natively, preserve for a similar iieriod in i per cent, solu- 
tion of ammonia bichromate, transfer to alcoliol and tease 
up in carmine solution. Pelect the i)esl preserved cells and 
examine, under your highest ])ower, in order - 

a. The larger ccfodcr/n cells ; nucleated, with a flattened 
base and a rounded free end (<'f. Sect. 5. e). Their 
nuclei ; frecpiently containing two nucleoli. Tlieir pro- 
toplasm ; often difierentiatcd into a superficial cuticle- 
like product. Look especially for Klcinaiben^s fibres 
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(Sect. 5. d, /3) ; one or more of these may be com 
nectecl with an individual cell. 'They arise as out- 
growths of the constricted cell-base, the whole fre- 
cjiiently having the appearance of an inverted T with 
a thick stem (cell-body) and greatly elongated arms 
(the fibres). 

h. The cells of the inicf'sitiial iissiie (cf. Sect. 5. e. /3) much 
smaller than and often separable from one another 
only with difficulty. Numbers of them will be found 
to contain two nuclei (evidence of active division). 

r. 'fhe nematocysis; highly refrac'tive bodies to be found 
in both a and b —in the latter in abundance and in 
all stages-- of development. Look for the under- 
mentioned (cf Sect. 3). 

a. The lary;cr iiemaiocysfs ; eacL consists of a hod\\ 
ovoidal and truncated, with a strongly-marked 
double contour due to the thic'kness of its wall; a 
neck, inverted and beset by three or four powerful 
spines ; a filament, lying within the base of the 
body, coiled into a spiral the edges of which may 
occasionally be seen (cf Sect. 3). 

Compare a large nematocyst in the everted state ; 
the summit of the neck is beset by a series of ex- 
cessively delicate spines. 

[2, The smaller ncmafocysts ; rarely present in the larger 
cells. ICach is ovoidal and much smaller than <7, 
having a similar double contour. The filament ; 
but i to the kngth of, and very much stouter 
than, that of a ; at rest looped, in eversion fre- 
cpiently spiral (cf Sect. 3). 
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y. Examine, in detail, a nematocyst in relation to its 
parent-cell. The cell-protoplasm will be seen to 
form a delicate envelope, thickened only around 
the nucleus, which stains deeply and is to be found 
in close apposition with the nematocyst 

8. The c?n{lohlasts ; recognizable by the presence of a 
stiff spinous i)rocess or cfiidocll, usually projecting 
from one corner of the cell-body. 

Note the variable si/e of the cnidocils (cf. Sect 
3). Nematocysts may or may not be present; 
where they are it will generally be found that the 
longer cnidocils are associated with the smaller 
thread-cells and vice-i'crsd. 

c. I.ook for nerve-cells; small, stellate, and with a 
dee])ly-staining round nucleus. They are rare and 
only to be found with difliculty. 

Immature n cm a foe vs/s ; occasionally to be met with 
in the isolated state. r>ottle-sha]>ed and bearing a 
short blunted filament, which subsequently becomes 
invaginated (be careful not to confound this with 
the cnidocil). 

d. Tlie larger cells of the endodemn. Examine cells freshly 
isolated from specimens killed with osmic acid vapour. 
Note, in addition to the characters already observed 
(Sect. 5). 

a. The cell-base ; not unfrequently expanded and pro- 
longed out to form contractile processes, identical 
with, but shorter and less marked than, those of 
the ectoderm cells. 

/?. The nucleus : variable in position with the state of 
distension of the cell ; generally marginal. 
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y. Superadded to the cell-protoplasm. In //. riridis 
chloroplastids ; small round bodies fairly uniform 
in size, for tlic most part aggregated at the ccll- 
base. They stain very feebly, and may or may 
not contain chlorophyll : note the manner of its 
deposition. 

In IL fused, 'J'he sooty corpuscles ; irregular and 
transparent, rarely rounded ; sooty particles may or 
may not be ])resent. Look for the presence of 
clilorophyll ; occasionally to be found in individual 
cells. 

S. Compare the living cells, as obtained by crushing a 
Hydra, They are highly aiiKjeboid. Watch the 
nature of tlieir movements. 

e. The uicsoftm. Search under a low power for stray 
pieces of this ; obvious as transparent shreds of mem- 
brane with parallel striie. There will be found in 
connection therewith — 

a. Nuclei and fragments of cells, mostly of the in- 
terstitial tissue. 

Contractile processes ; firmly adherent to the meso- 
gUea, the above-named striation being due to their 
presence. 

Look for fragments in which the two sets of 
strire cross each other (cf. p. 347). 

y. Compare a piece of the same, obtained from the 
freshly-killed animal. If forthcoming, j)ress gently 
upon the cover-glass with the point of a needle; 
it will be found t© be gelatinous and compressible. 

7. Pood material and digestion. Work through all your 
sections under a low power, and look for ingested prey. 
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a. Small orgafihvis; especially Ento?nostraca and otlier 
small Crustacea. When present one such will gene- 
rally be found, tightly embraced by the endoderm. 

Examine under a high power and look for evidences 
of digestion {intra-enteric) and assimilation. 

b. Smaller organisms; especially Infusoria^ Diatoms^ and 
the like. Freciuently to be met with in the central 
cavity; they may however be found, unchanged or in 
process of digestion {i?ilra-cellular), witliin the indivi- 
dual cells of the endoderm. 

8. The reproductive organs. (Cf. Sect. 2 . a. c). 

a. The te.' fcs; small conical colourless eminences below' 
the point of attachment of the tentacles, more rarely 
irregularly scattered over the whole body. 

Gently flatten out a testis in eosin or magenta by 
pressure on tlie coverslip, and examine wuth a high 
I)Ower. According to its state of maturity the follow- 
ing contents will be found in it — 
a. A collection of the smaller ectoderm (interstitial) 
cells of variable sha])e. 

p. The same, but having become ovoidal and hyaline, 
y. Cells otherwise like (S, but with a long filament 
proceeding from them. 

8. Jlij>c spermatozoa ; bodies consisting of a very small 
oval nucleated head to which a very delicate 
flagellum is attached, by the movements of which 
they swim about in the water. They may fre- 
quently be seen in motion wdthin the unruptured 
testis. 

b. The ovaries; one or more in number, larger than 
and situated near the base of the polype. 
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When young, each appears as a liill-sliaped enlarge- 
ment of the ectoderm; when ripe, it becomes rounded 
and very prominent. 

c. Press out an ovary: according to its stage of develop- 
ment there will be found in it 
a. Kctoderni cells with a marked preponderance of 
the smaller form (interstitial tissue). 

/j. Imbedded among a, one {o7'/cr//) which has become 
larger and clearer than the rest, and possesses a 
distinct central germinal vcsidc. 

il. The ripe ovum, Conspic'uous in //. viridis by its 
green colour. 1 1 consists of a great irregularly 
branched (apKeboid) mass of jn-otoidasm {vitdlus)^ in 
which is a clear si)at‘e {germinal 7 'esii/e) containing one 
larger and a number of germi/ial spo/s. 

Examine under a high power, and note- 
( 1 . 'J'he absence of a vitelline membrane. 
y8. yolk granules : exceedingly large and modified to 

form the so-called ^t)seudo-cellsh Each is rounded 
or oval, thickened on one side to form a plug- 
sha[)ed ingrowth and filled with a fluid contents, 
y. The diloroplasfid's ; present in Jf, viridis; identical 
with those found in the endoderm (Sect. 6 . d, y), 

e, d'he segmented ovum : composed of a large number of 
small cells. Its thick liorny capsule, rough on its ex- 
ternal surface. 
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Tiik bell-aiiinialciilc is one of a very large group of animals 
called the Infusoria^ on account of the fact that many mem- 
bers tliercof make their a])pearance in infusions of certain 
animal and vegetable substances. 

7110 higher multicellular animals begin^their existence as 
simple nucleated cells, and the single nucleated cell ^vhich 
constitutes the wliole animal in its primitive condition 
divides and subdivides until an aggregation of similar cells 
is formed. And it is by the differentiation and metamor- 
phosis of these iiriinitively similar histological elements that 
the organs and tissues of the body are built up. In the 
Infusoria, the pioto[)lasmic mass which constitutes the germ 
does not undergo this process of preliminary subdivision, 
but sucli structure as the adult animal possesses is the 
result of the direct metamorphosis of i)ar:s of its proto- 
plasmic substance. I lence, morphologically, the bodies of 
these animals are the C(piivalents of a single cell; while, 
physiologically, they may attain :i ccnsideral^le amount of 
complexity. 

Tlie Infusoria abound in fresh and salt waters, and many 
make their appearance, as before stated, in organic in- 
fusions, their germs either being contained in the substances 
infused, or being wafted through the air. Their dififusioa is 
greatly facilitated by the fact that many of them retain t!x:ir 
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vitality when dried, and reduced to the condition of an ex- 
cessively light dust; while their rapid propagation is, in 
the main, due to their power of multiplying by division, 
with extraordinary rapidity, when duly supplied with nou- 
rishment. Tlic majority are free and provided with nu- 
merous cilia by wliich tliey are incessantly and actively pro- 
pelled through the medium in which they live; but some 
attach themselves to stones, plants, or even the bodies of 
other animals. A few are parasitic, and the bladder and 
intestines of the Frog are usually inhabited by several spe- 
cies of large size. 

'Phe l>ell-animalcules are Infusoria which arc fixed, usu- 
ally by long stalks, to water plants, or, not unfrecpiently, 
to the limbs of a(|uatic Crustacea. They are barely visible 
to the unaided vision, 'fhe body has the shape of a wine- 
glass with a very long and slender stem, provided with a 
flattened disc-like cover. What answers to the rim of the 
wine-glass is thickened, somewhat everted, and richly 
ciliated, .and the edges of the disc are similarly thickened 
and ciliated. Between the thickened edge of the cover, or 
peristome^ and the edge of the disc, is a groove, which, at 
one point, deepens and passes into a wide depression, the 
vestibidunu From this a narrow tube, the a^sopha^^iis^ leads 
into the central substance of the body, and terminates ab- 
ruptly therein; and when flecal matters are discharged, they 
make their way out by an aperture which is temporarily 
formed in the floor of this vestibule. The outermost layer 
of the substance of the body is denser and more transparent 
than the rest, forming a cuticula. Immediately beneath the 
cuticle it is tolerably firm and slightly granular, and this 
part is distinguished as flie cortical layer or ectosarc; it 
passes into the central substance or endosarc^ which is still 
softer and more fluid. 
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In the undisturbed condition of the Bell-animalcule, 
the stem is completely straightened out; the peristome is 
everted, and the edges of the disc separated from the peri- 
stome; the vestibule gaping widely and the cilia working 
vigorously. But the least shock causes the disc to be re- 
tracted, and the edge of the peristome to be curved in and 
shut against it, so as to give the body a more globular form. 
At the same time, the stem is thrown into a spiral, and the 
body is thus drawn back towards the point of attachment. 
If the disturbing influence be continued, this state of retrac- 
tion persists; but if it ])e withdrawn, the spirally coiled stem 
slowly straightens, tlie peristome expands, and the cilia 
resume their ae.tivity. 

In the interior of the body, immediately^ below the disc, 
a space, occupied by a clear watery fluid, is seen to make 
its appearance at regular intervals slowly enlarging until 
it attains its full size and then suddenly and rapidly dis- 
appearing by the a])proximation of its walls. This is the 
cofiiractllc vesich' or vactwlc. It communi('ates with the ex- 
terior at the moment of contraction, and in all probability 
l)erforms an excretory function. If the Bell-animalcule is 
well fed, one or more watery vesicles of a spheroidal form, 
each containing a certain portiem of the ingested food, will 
be seen in the soft central mass of the body. And by 
mixing a small (quantity of finely divided carmine or indigo 
with the water in which the VorticclJ(e live, the manner in 
which ^ these food-vesicles are formed may be observed. 
The coloured particles are driven into the vestibule by the 
action of the cilia of the peristome and the adjacent parts, 
and gradually accumulate at the inner end of the gullet.. 
After a time the mass here heaped together projects into the 
central substance of the body, surrounded by an envelope 
of the accompanying water; and then suddenly breaks off, 
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as a spheroidal drop, henceforward free in the soft central 
substance. Such being the mode of formation of the vesicles, 
they have been termed vesicles of ingestion; in some Bell- 
animalcules, they are carried round with the deeper layer of 
protoplasm or cndosarc in a movement of circulation, 
])assing up one side of the body, then crossing over below 
the disc and descending on the other side. Sooner or later 
the contents of these vesicles are digested, and the refuse is 
thrown out of the body, surroundeil as a rule by a watery 
\acuole or vesicle of eges lion. This process takes place by 
an aperture leading into the vestiljule, which exists only at 
the moment of extrusion of the faeces, and is indistinguish- 
able at any other time. 

A portion of tjie substance of the body, which is slightly 
different in transparency and in its reactions to colouring 
substances from the rest, is called the nucleus or endoplast. 
It is elongated and bent upon itself into a crescentic or 
horseshoe shape. 

The numerous species and varieties of bell animalcules 
arc, for the most pait, colourless. (Ireen varieties are how- 
ever occasionally to be met with, the green colour being 
due to a dej)osit of chlorojdiyll within the endosarc, com- 
pare I'le to tluit seen within the endoderm of tlie green- 
hydra. This ('olouring matter may be restricted to small 
bodies or cJiloropIastids identical with those of the' ])olype 
referred to, or diffused throughout the cell-protoplasm (en- 
dosarc) in a manner suc h as, there is good reason to believe, 
is never the case in the vegetable organism. 

The Bell-animalcules multiply in two ways ; partly by 
longitudinal fission^ when a bell becomes c'lov cn tlown the 
middle, each half aecpiinng the stiucture previously pos- 
sessed by the whole ; and partly by gcinniation from the 
c?idopIast^ in which latter case the endoplast divides into a 
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number of rounded spore-like masses, which are ultimately 
set free as locomotive germs. 

Sometimes a rounded body, encircled by a basal circlet 
of cilia but having otherwise the characters of a VorticcUa 
bell, is seen to l)e attached to the base of the bell of an 
ordinary Vorticelh\. It was formerly supposed that these 
were buds, but it is now known that they are independent 
individuals, formed as the result of repeated longitudinal 
fission, which have attached themselves to that to which 
they adhere and are gradually becoming fused with it, so 
that the two will form one indistinguishable \v'hole. There 
is here a process of “conjugation^’ sexual in nature, and it 
is, moreover, nr^diminary to the budding of the endoplast 
and the subsequent formation of germs. ^ 

Under certain (urcumstances a Voriiedia may become 
encysted. Tlie t)eristomc closes and the bell becomes con- 
verted into a splieroidal body, in wliiclr only the nucleus 
and the contractile vesicle remain distinguishable. This 
surrounds itself with a structureless envelot>e or cysf^ the 
whole process sometimes following that of conjugation and 
preceding that of germ formation. It does not appear 
however that this encysimcnt is invariably associated v/ith 
ret)roduction ; for the encysted animal after remaining for 
a longer or sliortcr time in a tein])orary condition of rest, 
may emerge and resume its former slate of existence. 

The two genera of Infusoria whicli most commonly occur 
in the Frog are NydotJicriis and Balantidium. Loth are 
free and actively locomotive, and the former is ])articularly 
remarkable for its relatively large size and semilunar con- 
tour, and for the length and distinctness of its curveci oeso- 
t)hagus. Balantidium is pyriform, and has a very short 
oesophageal depression. 
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LABORATORY WORK. 

Examine duckweed roots, confervas, ^c., with L inch 
o])jeclive avoiding pressure; luiving ‘found a group of 
Vorti(Yl/(e note the following points \vith a higher 
power. 

In the extended state of the animal. 

a. The body, 

a. Its size (measuie). 

b. Eorm ; broadly speaking, tliat of an inverted 
bell : note — 

a. The prominent everted rim {/^crlstooie), 

jj, d1ie flattened central disc projecting above 
the peristome. 

y. The cilia fringing the disc. 

S. The depression between tlie jjcristomc and 
disc'. 

e. 'The vcslibiilum : a chamber in the hollow 
between the peristome and disc. 

c. Structure. 

(i. '^rhe thin, transparent, homogeneous external 
la)'er {cuiiclc), 

p. The granular layer {ectosarc) inside the cuticle, 
longitudinally striate at the base of the bell 
{?nyoJ>ha?i layer), 

y, I'he central more fluid part {endosarc) not 
sharply marked off from p. 
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The various clear spaces l^food vaawks) iu 
it, containing foreign (ingested) bodies (Dia- 
toms, Protococcus, &c.). 

The contractile vesicle ; its position, in the 
cortical layer just beneath the disc ; its systole 
and diastole. 

e. The nucleus ; an elongated curved body in 
the deeper layer ; sometimes nearly liomo- 
geneous, sometimes more distinctly granular. 
The nucleus is usually indistinguishable until 
after treatment with iodine, or acetic acid and 
magenta (cf. § 5 ). 

'C. 'The gulhf ; sometimes seen in o])tical trans- 
verse section as a clear rouftd space; some- 
times seen sideways as a canal opening above 
into the vestibulum, and ending abruptly be- 
low in the body-substance. 

7/. The anus ; look for the egestion of solid par- 
ticles. 

b. 2 'he stalk, 

a. Its length and diameter (measure). 

[i. Its structure ; the external homogeneous layer 
{sheath) continuous with the cuticle; the highly 
refractive centre {axis or contractile filament) 
continuous with the cortical layer of the bell. 

In the retracted state, 
a. Jlie body, 

a. Its form; pear-shaped; rounded off above; 
neither disc nor peristome visible. 

T'he clear transverse space near the top, indi- 
cating the interval between the retracted disc 
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and the rolled-in peristome. In this space the 
cilia can fre(|iiently be seen moving, 
y. Structure; as in r. a. 

b. d'he stalk ; thrown into corkscrew-like folds. 

3. The movements of Vorticella. 

a. The ciluuy nnwoncuL 

a. Examine the cilia carefully; delicate homo- 
geneous processes ; their lengtli, diameter and 
form ; their position. 

/j. The continuity of the cilia with the cortical 
layer. 

y. The function of the ('ilia ; their rapid move- 
ments, alternately bending and straightening : 
the co-ordifiation of these movements; they 
work in a definite order ; note the currents 
l)roduced in the neighbouring water (if neces- 
sary introduce a few ])articles of carmine under 
the co\erslip); the sweeping of small bodies 
down the gullet. 

/^ The movanenis of the contractile vesicle. Tolerably 
.regular rhythmic distension and collapse (diastole 
and systole), 

c. The cun'oits in the emiosarc carrying round the in- 
gested bodies. 

d. The movements of the animal as a 7vho/e. (F.x:- 
aminc under \ inch or ] inch obj.) 

a. Its extreme irritability ; it contracts on the 
slightest stintiilation, often without any appa- 
rent cause. 

/?. The movements which occur in contraction; 



VII.] 


THE BELL-ANIMALCULE. 367 

the coiling np of the stalk ; the rolling in of the 
disc. The rapidity of these movements. 

y. The mode of re-expansion ; the stalk straiglitens 
first ; then the peristome is everted ; finally the 
disc and its cilia are protruded. 

4. Stain with iodine or magenta ; the cuticle uncoloured 
— the rest stained ; the nucleus especially becomes 
deeply coloured. 

5. Treat with acetic acid; the contents soon disappear 
(except perliaps some swallowed bodies) — the cuticle 
later or not at all. 

6. Look for the following in various s])erimens — 

«. ]\fuItipUcati()n hy fission^ early stayc ; a bell par- 
tially divided into two by a vertical fissure start- 
ing from the disc. 

I'he sariCy laic stage ; two comiilete bells on one 
stalk ; the result of ('oinpletion of the fission. 
'Ehe development of a basal circlet of cilia by 
one or both of these bells. 

y. Free swimming iinslalked bells (detached bells 
from jS), 

f). Conjugation ; the attachment of a small free 
swimming bell to the side of a stalked one. 
e. Encystation ; tlie body contracted into a ball 
and surrounded by a thickened structureless 
layer, the contractile vesicle being i)ersistently 
dilated. 

I>. Other forms closely allied to Vorticella wfiiich may be 
met with, and which will do nearly as well for exami- 
nation, arc ; — 
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a. Epistylis. BelLshaped animals growing on a 
branched nojhcontractile stalk. 

b. Carchesium. A form very like Vor/iccZ/a but 
borne on a branched contractile stalk. 

c. Cothurnia. An almost sessile form, provided 
with a cup or envelope into which the bell can 
be retracted. 

[11ie activity of the movements of the free Infusoria interferes 
with the complete CKami nation of the living animal. It is well 
therefore to add a little osmic acid solution to the drop of water 
under examination. This kills such Infusoria as Paramaxium^ 
Kyctotherns and Balantidium instantly, without destroying the 
essential features of their organization.] 
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THE PROTEUS ANIMALCULE {A;;io^l>a) AND THE 
COLOURLESS BLOOD CORPUSCLE. 

Amcebcc are minute organisms of very variable size which 
occur in stagnant water, in mud, in damp earth and else- 
where, and are frequently to be obtained by infusing any 
animal matter in water and allowing it K) evaporate while 
exposed to direct sunlight. An Amcvba^ has also been 
found living, apparently as a parasite, in the diseased skin 
of the sheep. 

The A;/i(i'ba has the appearance of a particle of jelly, 
which is more or less granular and fluid in its central 
parts, but usually becomes clear and transparent, and of 
a firmer consistency, towards its periphery. Sometimes 
Amoibce are found having a spherical form and encased 
in a structureless sac, and in this encysted state they ex- 
hibit no movements. More commonly, they present in- 
cessant and frequently rapid changes of form, whence the 
name of Proteus Animalcule'''' given to them by the older 
observers; and these changes of form are usually accom- 
panied by a shifting of position, the Amoeba creeping about 
with considerable activity and, in most cases, with no con- 
stancy of direction. 

The changes of form, and the movements, are effected 

^ A . parasitica. N e w S . W al es . 


M. 
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by the thrusting out of lobe-likc prolongations of tlie 
peripheral part of the body, which are termed pseudo- 
podia^ sometime^ from one region and sometimes from 
another. Occasionally, a particular region of the body is 
constantly free from pseudopodia, and therefore forms its 
hindmost part when it moves. Each i^seuclopodium is evi- 
dently, at first, an extension of the denser clear substance 
(ectosarc) only; but as it enlarges, the central, granular, 
more iluid endosarc flows into its interior, often with a 
sudden rush. 

The protoplasm is in some Amcelm crowded with small 
watery vacuoles. In most there is i)resent a clear space 
which makes its appearance at intervals, in a particular 
region of the ectosarc, and then disappears by the rapid 
approximation of its walls. After a while, a small clear 
speck or a line appears at the same spot and slowly dilates 
until it attains its full size, Avhen it again rapidly disappears 
as before. Sometimes two or three small clear spots arise 
close together, and run into one another to form the single 
large cavity. The structure thus described is termed the 
contractile vesicle or vacuole, and its rhythmical systole and 
diastole often succeed one another with great regularity. 
Nothing is certainly known respecting its function ; but 
there is reason to think that it may be excretory like the 
corresponding structure in Vorticella. 

Very generally one part of the Anni^ba exhibits a rounded 
or oval nucleus. This structure is liable to considerable 
variation, and not imfrequently more than one nucleus may 
be present. 

The gelatinous body of the Amoeha is not as a rule 
bounded by anything tliat can be properly termed a 
cuticular membrane; all that can be said is, that its ex- 
ternal or limitary layer is, in most cases^ of a somewhat 
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different constitution from the rest, so that it acquires a 
certain appearance of distinctness when it is acted upon 
by such reagents as acetic acid or iodine, or when the 
animal is killed by raising the temperature to 45® C 
Physically, the ectosarc might be compared to the wail 
of a soap-bubble, which, though fluid, has a certain vis- 
cosity, which not only enables its particles to hold together 
and form a continuous sheet, but permits a rod to be passed 
into or through the bubble without bursting it ; the walls 
closing together, and recovering their continuity, as soon as 
the rod is drawn away. 

It is this property of the ectosarc of the Ama’ba which 
enables us tv> understand the way in which these animals 
take in and throw out again solid matter, Jliough they have 
neither mouth, anus, nor alimentary canal. The solid body 
passes through the ectosarc, which immediately closes up 
and repairs the rent formed by its passage. In this manner, 
the Ama^bic take in the small, usually vegetable, organisms, 
which serve them for food, and subsectuciUly get rid of the 
undigested solid parts. 

Ingested matter is invariably taken in, in conjunction 
with a watery vacuole of iu^cstiou such as has been de- 
scribed for Voriicella (pp. 361 — 2). If the matters thus 
introduced be nutritive and digestible the vacuole persists, 
during at any rate the earlier stages of digestion ; later, the 
unassimilable innutritions portions of the same are cast out 
surrounded by a vacuole of egestion. Experiment has led 
to the belief that Ajuccbce will not digest fat globules or 
starch grains. In the case of the latter the grains have 
been seen to be thrown out C — 7 days after ingestion, 
unchanged in their optical characters and in their behaviour 
towards certain reagents and unaccompanied by the vesicle 
of egestion. 


24 — 2 
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It is of interest to note that in the case of small vege- 
table organisms the cellulose coats have been at times 
observed to be thrown out in a distorted, if not a digested 
and disintegrating condition. 

The chemical com])Osition of the bodies of the Ama^hic 
has not been accurately ascertained, but tliey undoubtedly 
consist, in great measure, of water containing a protein com- 
pound, and are similar to other forms of protoplasm. They 
absorb oxygen and give out carbonic acid, and the presence 
of free oxygen is necessary to their existence. When the 
medium in which they live is cooled down to the freezing 
point their movements are arrested, but they recover when 
the temperature is raised. At a temperature of about 35‘X\ 
their movements r^re arrested, and they pass into a condition 
of ^Mieat-stiffening,’^ from which they recover if that tem- 
perature is not continued too long; at 40'^ to 45“ C. they 
arc killed. 

Crystals are generally to be met with in the cell proto- 
plasm, but of their origin and significance nothing is at 
present known. 

Electric shocks of moderate strength cause Ama^hec at 
once to assume a spherical still form, but they recover after 
a wlule. Strong shocks kill tlicm and, at the same time, 
bring the nucleus distinctly into view. 

If Aimvbcc are not to be found, tlieir nature may be 
understood by the examination of the colourless corpuscles of 
the blood. (Cf. ch. I. pp. 121 — 123.) 

The colourless corpuscles of the blood of some of the 
cold-blooded vertebrates, such as Frogs and Newts, may be 
kept alive for many weeks in serum properly protected from 
evaporation; and if finely divided colouring matter, such 
as indigo, is supplied to them, either in the body or out of 
it, they take it into their interior in the same way as true 
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Amahce would. In the earliest condition of the embryo, 
the whole body is largely composed of such nucleated cells 
as the colourless corpuscles of the blood; and the colourless 
corpuscles must be regarded as simply the progeny of such 
cells, which have not become metamori)hoscd, and havu 
retained the characteristics of the lowest and most rudi- 
mentary forms of animal life. 

The Awtvba is an animal, not because of its contractility 
or power of locomotion, but chiefly because it is devoid 
of the power of manufacturing protein from l^odies of a 
comparatively simple chemical comj)osition. T'he Amceba 
has to obtain its ])rotcin ready made, in which respect 
it rescmblc's all true animals, and therefore is, like them, 
in the long run, dependent for its exi^tciK'c ui)on some 
form or other of vegetable life. 

Amtvbai multiply by fission in a manner similar to that 
described for the bell-animalcule; the nucleus first divides, 
the cell becoming subsequently cleft in two. Occasionally 
an Aumba has been seen to engulph another of smaller size 
than itself; and there is reason to believe that this process, 
originally thought to have been one of cannibalism, may 
probably be one of conjugation of dissimilar individuals, 
for reproduction, siudi as is seen in the bell-animalcule. 


LABORATORY WORK. 

A. Place a drop of v/atcr containing Amabce on a slide, 
cover with a cover glass, avoiding pressure, and search 
over with 7} inch obj. : having found an Amceba, ex- 
amine with a higher power. 
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1. Size; differing considerably in different specimens. 
[Measure. 

2. Outline; irregular, produced into a number of tliick 
rounded eminences {pseudopodia) which arc con- 
stantly undergoing changes: sketch it at intervals of 
five seconds. 

3. Structure, 

a. Outer hyaline layer {cctosarc)^ toleralily sharjily 
marked off: inner granular layer (endosarc) be- 
coming more Iluid centrally. 

A Nucleus (indistinguishable in some specimens) ; 
a roundish more solid-looking body, often highly 
granular:* There may be one, two, or many. 

c. Contractile vesicle; (if present) a roundish clear 
space in the ectosarc which disappears peri- 
odically, and after a short time rea[)pears ; its slow 
diastole — rapid systole. 

d. Ingested foreign bodies; Diatom cases, Des- 
midUc^ &c. 

Movement's, 

a. Watch the process of formation of a pseudopo- 
dium, A hyaline cctosarcal lobe first appears; 
then, as it increases in size, the granular endosarc 
flows into it. 

h. Locomotion ; watch the ])roccss, — a pseudopodium 
is thrown out, then the rest of the body is drawn 
up to it, and the process is repeated. 

c. If the opportunity presents itself, watch the pro- 
cesses of the ingestion and egestion of solid 
matters. 
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iL Observe the movements on the hot stnge; warmth 
at first accelerates the movements, but as the tem- 
perature approaches 40" C. they cease, and the 
whole mass remains as a motionless sphere. 

e. Effects of electrical shocks on the movements. 

5. Mechanical Analysis; crush. The whole collapses, 
except sometimes the nucleus, and even that after a 
time disappears: there is no trace of a distinct 
resisting outer sac. 

6. Chemical Analysis; Treat with magenta and iodine. 
The whole stains, and there is no unstained envelop- 
ing :>ac. Iodine produces no blue colouration unless 
starch has been swallowed; if sc, blue specks become 
visible. 

7. Look for encysted specimens; and for specimens 
which are undergoing fission. 

8. Another form of Amwha is not iinfrecpicntly found 
wliich differs from that just described in being much 
less coarsely granular, and in having ill-defined 
ectosarc and endosarc, together with much longer, 
more slender and pointed pseudopodia. Another 
common form progresses rapidly with a slug-like 
movement, only throwing out pseudopodia at its an- 
terior end. 

B. White Blood-Corpuscles (human). 

Prick your finger and press out a drop of blood: 
spread out on a slide under a coverslip, avoiding 
pressure, and surround the margin of the coverglass 
with vaseline or oil. Neglect the red corpuscles, and 
examine the larger and much less numerous colourless 
ones. 
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Note 

1. Size; (measure). 

2. Form; clianging much like that of tlie Ama^ha^ hut 
less actively. Draw at intervals of ten seconds. 

3. Slructim; Some more and some less granular; 
ectosarc and endosarc less distinct than in the 
Amtvha, Nucleus rarely visible in the fresh state. 
No contractile vesicle. 

.j. Treat with dilute acetic acid: the whole is (darified 
and a nucleus is brought into view in a more or less 
central position. Occasionally two nuclei may be 
seen. 

5. Stain with .piagenta; the whole becomes coloured, 
the nucleus most intensely. 

(1. Place a fresh preparation on the hot stage, and 
gradually Avarm up to 50^ C. The movements are 
at first rendered more active, but ultimately cease, 
the pseudoi)odia-like processes being all retracted 
and the whole forming a motionless sphere. 



YEAST {Tontia or SaccJtaromyccs Ccrcinskc). 


Yeast is a substance which has been long known on ac- 
count of the power which it possesses of exciting tlie process 
termed fermentation in substances which contain sugar. 

If strained through a coarse filter, it appears to the naked 
eye as a brownish fluid in which no solid particles can be 
discerned. Wlien some of this fluid is added to a solution 
of sugar and kept warm, the mixture soon begins to dis- 
engage bubbles of gas and 1)erome frothy ; its sweetness 
gradually disappears ; it accpiires a spirituous flavour and 
intoxicating <pialities ; and it yields by distillation a light 
fluid — atcohol (or spirits of wine) which readily burns. 

When dried slowly and at a low temperature, yeast is 
reduced to a powdery mass, which retains its iiower of 
exciting fermentation in a saccharine fluid for a considerable 
period. If yeast is heated to the temperature of boiling 
water, before it is added to the saccharine fluid, no ferment- 
ation takes place ; and fermentation which has commenced 
is stopped by boiling the saccharine licpiid. 

•A saccharine solution will not ferment spontaneously. If 
it begins to ferment, yeast has undoubtedly got into it in 
some way or other. 

If the yeast is not added directly to the saccharine fluid, 
but is separated from it by a very fine filter, such as porous 
earthenware, the saccharine fluid will not ferment, although 
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the filter allows the fluid part of the yeast to pass through 
into the solution of sugar. 

If the saccharine fluid is boiled, so as to destroy the 
efficiency of any yeast it may accidentally contain, and then 
allowed to come in contact only with such air as has been 
passed through cotton wool, it will never ferment. But if 
it is exposed freely to the air, it is almost sure to ferment 
sooner or later, and the probability of its so doing is greatly 
increased if there is yeast anywhere in tlie vicinity. 

These experiments afford evidence (t) that there is some- 
thing in yeast which provokes fermentation, (2) that this 
something may have its efficiency destroyed l)y a high tem- 
perature, (3) that this something consists of particles which 
may be separated from the fluid which contains them by a 
fine filter, (4) that these particles may be contained in tlie 
air; and that they may be strained off from the air by 
causing it to pass through cotton wool. 

Microscopic examination of a drop of yeast shews what 
the particles in (}uestion are. 

Even with a hand-glass, the droj) no longer appears 
homogeneous, as it docs to the naked eye, but looks as if 
fine grains of sand were scattered through it; but a con- 
siderable magnifying power (5 — 600 diameters) is necessary 
to shew the form and structure of the little granules which 
are thus made visible. Under this i)Owcr, cacli granule 
(which is termed a Tonda) is seen to be a round, or oval, 
transparent body, varying in diameter from 
y^,^Q-^th of an inch (on the average about 

The J'oruhe are either single, or associated in heaps or 
strings. Each consists of a thin-walled sac, or bag, contain- 
ing a semi-fluid matter, in the centre of which there is often 
a space full of a more clear and watery fluid than the rest, 
which is termed a ‘vacuole.' The sac is comparatively 
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tough, but it may be easily burst, when it gives exit to its 
contents, which readily diffuse themselves through the sur- 
rounding fluid. The whole structure is called a ‘cell;’ the 
sac being the ‘cell-wall,’ and the more solid portion of the 
contents the ‘protoiflasm.’ It appears that a nucleus is 
also i)resent, but on this point there is still some difference 
of opinion. 

When yeast is dried and burned in the open air it gives 
rise to the same kind of smell as burning animal matter, 
and a certain (|uantity of mineral ash is left behind. Ana- 
lysed into its chemical elements, yeast is found to contain 
Carbon, Hydrogen, Oxygen, Nitrogen, Sulphur, Phosphorus, 
Potassium, Magnesium and Calcium ; the last four in very 
small quantities. 

Tliese elements are combined in different ways, so as to 
form the cliief proximate constituents of the Tornldy which 
are (i) a Protein compound, analogous to Casein, (2) Cellu- 
lose, (3) Fat, and (4) Water. The cell-wall contains all the 
Cellulose and a small proportion of the mineral matters. 
The protoplasm contains the Protein compound and the Fat 
with the larger proportion of the mineral salts. 

These Toruhe. are the ‘particles’ in the yeast which have 
the power of provoking fermentation in sugar; it is they 
which are filtered off from tlie yeast when it loses its effi- 
ciency by being strained tlirough porous earthenware; it 
is they which form the fine jiowder to which yeast is reduced 
by drying, and wliich, from their extreme minuteness, arc 
readily diffused through the air in the form of invisible 
dust. 

That the Torulce are living bodies is proved by the manner 
in which they grow and multiply. If a small quantity of 
yeast is added to a large quantity of clear saccharine fluid 
so as hardly to disturb its transparency, and the whole is 
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kept in a warm jjlace, it will gradually become more and 
more turbid, and, after a time, a scum of yeast will collect, 
which may be many thousand, or million, limes greater in 
weight than that which was originally added. If the Torulcc 
are e,\amined as this process of multiplication is going on, it 
will be found that they are giving rise to minute buds, which 
rapidly grow, assume the size of the parent Toriila, and 
eventually become detached; though, generally, not until 
they have developed other buds, and these yet others. The 
Toruhe thus produced by gemmation, one from the other, 
arc apt long to adhore together, and thus the heaps and 
strings mentioned, as ordinarily occurring in yeast, are pro- 
duced. No Toritla arises except as the progeny of another; 
but, under certtiip circumstances, multiplication may take 
place in another way. The lonihi docs not throw out a bud, 
but its protoplasm divides into (usually) four masses, each 
of wliicii surrounds itself with a cell-wall, and the whole are 
set free by the dissolution of the cell-wall of the parent. 
These endogenous reproductive bodies are termed spores, 
and retain their jiowcr of germination for a long time. 

As each of the many millions of Toruhe which may thus 
be pro luced from one Torula has the same composition as 
the original progenitor, it follows that a quantity of Protein, 
Cellulose and Fat proportional to the number of Toruhe 
thus generated, must have been produced in the course of 
the operation. Now these products have been manu- 
factured by the Toruhe out of the substances contained in 
the fluid in which they float and which constitutes their 
food. 

I'o prove this it is necessary that this fluid should have 
a definite composition. Several fluids will answer the pur- 

pose, but one of the simplest (Pasteur’s solution) is the 
following : 
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Water (H,0). 

Sugar (C.„H„0„). 


Ammonium Tartrate (C 4 H^(NHJ^O,^). 

Potassium Phosphate (KH^PO,,). 

Calcium Phosphate (CayP^Oy). 

Magnesium Sulphate (MgSOJ. 

In this fluid tlie Tot'iilcc, will grow and multiply, But it 
will be observed that the fluid contains neither Protein nor 
Cellulose, nor Pat^ though it does contain the elements of 
these bodies arranged in a different manner. It follows that 
the Torula must absorb the various substances contained in 
the water and arrange their elements anew, building them 
up into the complex molecules of its owi>, body. This is a 
property peculiar to living things. 

If, on the other hand, some Tonila cells be added to a 
quantity of pure distilled water, it will be found not only 
that no growth or multii)lication of the cells takes ])lace, but 
that the amount of their protoplasm actually undergoes a 
perceptible diminution. Hence we see that there are 
processes going on in the cells which tend to diminish their 
substance. 

The chemical changes going on in a living cell, such as 
that of yeast, may conveniently be spoken of collectively as 
its metabolism. Among these changes those which result in 
the building up of more complex chemical bodies, and thus 
in an increase of the organic substance of the cell, constitute 
its constructive metabolism or anabolism^ while to those 
which bring about a diminution of organic substance, with 
evolution of simpler compounds, such as carbonic anhydride, 
the term destructive metabolism’ or catabolism has been 
applied. 

It must be pointed out that the anabolic processes of the 
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organism not only result in the building up of its organic 
substances, but also involve an accumulation of potential 
energy. If a quantity of dried yeast is burned a definite 
amount of lieat is given off, due to the conversion of this 
potential energy into the kinetic form. Conversely, the 
catabolic processes involve a change of potential into kinetic 
energy. The evolution of heat by actively growing yeast is 
due to ('Iianges connected with its destructive metabolism. 

"J'he Tonila being alive, the question arises whether it is 
an animal or a plant. Although no sharp line of demarca- 
tion can be drawn between the lowest form of animal and of 
vegetable life, yet Toriila is an indubitable plant, for two 
reasons. In the first place, its protoplasm is invested by a 
cellulose coat, ai'y:! thus has the distinctive character of a 
vegetable cell. Secondly, it possesses the power of con- 
structing Protein out of such a compound as Ammonium 
Tartrate, and this power of manufacturing Protein is dis- 
tinctively a vegetable peculiarity. Torula then is a plant, 
but it contains neither starch nor chlorophyll, and it cannot 
obtain the whole of its food from inorganic compounds, thus 
differing widely from the green plants. On the other hand, 
it is, in these res])ects, at one with the great group of Finigi, 
Like nuiny of the latter, its life is wholly independent of 
light, and in this respect, again, it differs from the green 
plants. 

Whether Tontla is connected with any other form of 
Fu7igi is a question which must be left open for the present. 
It is sufficient to mention the fact that under certain circum- 
stances some Fungi (e.g. Mucor) may give rise to a kind of 
Torula different from common yeast. 

The fermentation of thb sugar is in some way connected 
with the living condition of the Torula, and is arrested by all 
those conditions which destroy its life. At the same time 
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it appears tliat the conditions which are most favourable to 
the growth and multiplication of the To7'ula are unfavourable 
to the process of fermentation. Thus the latter goes on 
most vigorously in the absence of free oxygen, while its 
presence is favourable to the increase of the yeast-cells. 
The greater part of the sugar is resolved into Carbonic 
anhydride and Alcohol, the elements of wliicli, taken to- 
gether, equal in weight those of the sugar. A small part 
breaks up into Glycerine and Succinic acid, and one or two 
per cent, is not yet accounted for, but is perhaps assimilated 
by tlie Toriihc, 

This is the more probable as T'oriiUe will grow and multiply 
actively in a solution in which sugar and Ammonium Nitrate 
replace the Ammonium Tartrate of the fprmer solution, in 
which case the carbon of the Protein, Cellulose and Fat 
manufactured must be obtained from the sugar. Moreover, 
though oxygen is essential to the life of tlie Torula^ it can, 
as already mentioned, live in saccharine solutions which 
contain no free oxygen, appearing, under these circum- 
stances, to carry on its life by the substitution of the ab- 
normal catabolic process of fermentation for the normal 
respiration. 

It has further been ascertained that Tonihe llourish re- 
markably in solutions in which sugar and pepsin replace 
the Ammonium Tartrate. In this case, the nitrogen of their 
protein compounds must be derived from the pepsin; and 
it Avould seem that the mode of nutrition of such Toruhe 
approaches that of animals. 
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l.AHORATORY WORK. 


Sow some fresh bakers yeast in Pasteur’s fluid’ with 
sugar and keep it in a warm place; as soon as the mixture 
begins to froth up, and the yeast is manifestly increasing in 
<iuantity, it is ready for examination. 

A. Morphology. 

r. Spread a little out, on a slide, in a drop of the fluid, 
and examine it witli a low power (J inch o])jective) 
without a cover -glass. Note tlie varying size of the 
cells, and tiieir union into groups. 

2. Cover a ^milar specimen with a thin glass and 
examine it under a high power objective). 
a. Note the size (measure), shape, surface and mode 
of union of the cells. 

Their structure: sac, protoplasm, vacuole, 
a. Sac/ homogeneous, transparent. 

/^. rrotoplasm ; less transparent; often with a few 
clear shining dots in it. 

y. Vacuo/e; sometimes absent; size, po.dtion. 


^ Pa -leur’h fluid : 

Potassium Phosph 20 parts. 

Calcium Phosph 2 ,, 

IMagnesium Sulphate 2 ,, 

Ammonium Tartrate 100 ,, 

[Cane Sugar 1500 ,,] 

Water S576 ,, 


10,000 parts. 

The sugar is to be omittedVheii Pasteur’s fluid “without sugar” is 
ordered. Pasteur himself used actual yeast ash; the above constituents 
give an imitation ash, whi*;h, with the ammonium salt and sugar, 
answers all practical purposes. 
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8. The relative proportion of sac, protoplasm, and 
vacuole in various cells. 

Draw a few cells carefully to scale. 

3 . Run in magenta solution under the cover-glassv (This 
is readily done by placing a drop of magenta so- 
lution in contact with one side of the cover-glass, 
and a small strip of blotting-paper at the opposite 
side.) 

a. Note what cells stain soonest and most deeply, 
and what 2:>art of each cell it is that stains : the sac 
is unaffected; the i)rotoplasm stained; the vacuole 
unstained, though it frequently appears 2)inkish, 
being seen through a coloured lay^r of protoplasm. 

4. Burst the stained cells by placing a few folds of 
blotting-paper on the surface of the cover-glass and 
pressing smartly with the handle of a mounted 
needle ; note the torn empty and colourless, but 
solid and uncrushed transtoarent sacs ; the soft 
crushed stained protoplasm. 

5. Repeat observation 3, running in iodine solution 
instead of magenta. The protoplasm stains brown ; 
the rest of the cell remains unstained. Note the 
absence of any blue coloration; starch is therefore 
not f resent, 

6. Treat another specimen with potash solution, running 
it in as before : this reagent dissolves out the 23roto~ 
plasm, leaving the sac unaltered. 

7. [On staining with Haematoxylin-ammonia, one or more 
bodies may be distinguished by their deeper colour, 
which are probably of a nuclear nature.] 


M. 


25 
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8. [Sow a few yeast-cells in Pasteur’s solution in a moist 
chamber and keep them under observation from day to 
day ; watch their growth and multiplication.] 

9. [Spore-formation : take some dry German yeast ; sus- 
pend it in water and shake so as to wash it. Let the 
mixture stand for half-an-hour : pour off the super- 
natant lluid, and, with a camel’s hair pencil, spread out 
tiiC creamy deposit in a thin layer on fresh cut potato 
slices or on a ])late of plaster of Paris, and place with 
wet blotting-paper under a bell-jar: examine from day 
to day with a very high power (800 diam.) for sJ)ores, 
which will probably be found on the eighth or ninth 
day.] 

n. PnYsioLO(;Y. 


(Conditions a»d results of the vital activity of Torula) 
1. Sow a fair-sized drop of yeast in — 
a. Distilled water. 


A 10 per cent, solution of sugar in water. 

c. Pasteur’s fluid without the sugar. 

d, Pasteur’s fluid with sugar. 

[t\ Mayer's pepsin solutionL] 


Keep all at about 35'’ C., and compare the growth of the 
yeast, as measured by the increase of the turbidity of the 
fluid, in each case. ‘'<7'’ will hardly grow at all, better, 
‘V” I'jctter still, well, and ‘‘t’” best of all. Note that 
bubbles of gas are plentifully evolved from both the so- 
lutions which contain sugar. 


1 


Mayer’s solution (with pepsin) = 

15 per cent, solution of sugar-candy 
Bihy^lropotassic phosphate 

Calcic phosphate 

Magncsic sulphate 

Pepsin 


20 cc. 
o* I grm. 
o* I grm. 
O' 1 grm. 
0-23 grm. 
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That any growth at all takes place, in the rase of 
experiments a and is due to the fact that the drop of 
yeast added contains nutritious material sufficient to pro- 
vide for that amount of growth. 

2. Prepare two more specimens of and keep one 
in a cold — the other in a warm (35^^ C.) place, but 
otherwise under like conditions. Compare the growth 
of the yeast in the two cases; it is much greater in 
the specimen kept warm. 

3. Prepare two more specimens of keep both 

warm, but one in darkness, the other exposed to the 
light: that in the dark will grow as well as the other; 
sunliglit is therefore not essential to the growth of 
Tonila, 

4. Sow some yeast-cells in Pasteur’s solution in a flask, 
the neck of which is closed by a plug of cotton 
wool, and boil for five minutes ; then set it aside ; 
no signs of vitality will afterwards be manifested by 
the yeast in the flask ; it is killed by exposure to this 
temperature. 

5. [Take two test tubes; in one place some yeast, with 
Pasteur’s solution containing sugar; in the other place 
baryta water, and then connect the two test tubes by 
tightly fitting perforated corks and a bent tube passing 
from above the surface of the fluid in the first tube to 
the bottom of the baryta water in the second; pass a 
narrow bent tube, open at both ends, through the cork 
of the baryta water tube, so that its outer end dips just 
below the surface of some solution of potash \ All gas 
formed in the first tube will now bubble through the 
baryta water in the second, and, from thence, any that 

^ The object of the potash is to shield the baryta water from any 
carbonic anhydride that may be in the atmosphere. 
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is not absorbed will pass out through the potash into 
the air. An abundant precipitate of barytic carbonate 
will be formed which can be collected and tested. The 
fermenting fluid, therefore, evolves carbonic anhydride.] 

6. [Grow some yeast in Pasteur’s solution (with sugar), in a 
nearly closed vessel (say a bottle with a cork tlirough 
which a long narrow open tube passes): as soon as the 
evolution of gas seems to have ceased, distil the fluid in 
a water bath and condense and collect the first fifth 
that comes over: redistill this after saturation with 
potassic carbonate, and test the distillate for alcohol by 
its odour and inflammability.] 

7. [Determine that heat is evolved by a fluid in which 
active alcoholic fermentation is going on. Jflace 200 cc. 
of fresh ye«ist in a flask, and add 1 litre of Pasteur’s 
fluid with sugar : put another litre of the fluid alone in 
a similar flask, cover each flask with a cloth and place 
the two side by side in a place protected from draughts. 
When gas begins to be actively evolved from the yeast- 
containing solution, take the temperature of the fluid in 
each flask with a good thermometer ; the temperature of 
the one in which fermentation is going on will be found 
the higher.] 
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PROTOCOCCUS {Frotococais pluvialis^). 

If the mud wlilch accumulates in roof-gutters, water-butts, 
and shallow pools be collected, it will be found to contain, 
among many other organisms, specimens of Frotococais. 
In its vegetative condition Frotococais is a spheroidal body 
o 1 to ^ of an inch in diameter, composed, like Toru/a, 
of a structureless tough transparent wall, Enclosing viscid and 
granular protoplasm. I'he chief solid constituent of the 
cell-wall is cellulose. The protoplasm contains a nitrogenous 
substance, doubtless of a ])roteinaccous nature, though its 
exact composition has not been determined, and some 
small starch-grains are sometimes to be found in it. Certain 
definite portions of the protoplasm, termed chromatophores., 
contain a red or green colouring matter. The latter is 
called chlorophyll. These chromatophores occupy a large 
part of the cavity of the cell, so that under a low power the 
whole contents appear to be coloured. 

Individual Frotococci may be either green or red \ or half 
green and half red ; or the red and green colours may co- 
exist in any other proportion. 

In the middle of the cell is a distinct nucleus^ containing 
a nucleolus. 

^ The names Hsematococcus, and Chlamydococciis pluvialis have 
also been applied to this form, but it must not be confused with the 
more abundant Fletirococcus which everywhere forms a green powdery 
layer on trees, palings, &c. 
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The influence of sunlight is an essential condition of the 
growth and multiplication of Protococcus; under that influ- 
ence, it decomposes carbonic anhydride, appropriates the 
carbon, and sets oxygen free. The energy thus derived 
from the sun’s rays is stored up in the potential form, to be 
again partly expended in the growth of the plant, and in the 
movements of its spores. It is this power of obtaining the 
carbon which it needs from carbonic anhydride, which is 
the most important distinction of Protococcus^ as of all 
])lants which contain chlorophyll, from Toriila and the 
other Fungi, 

As Protococcus flourishes in rain-water, and rain-w'ater con- 
tains nothing but carbonic anhydride, which it absorbs 
along with other cQpstituents of the atmosphere, ammonium 
salts (usually ammonium nhrate, also derived from the air) 
and minute portions of earthy salts which drift into it as 
dust, it follows that it must pjossess the power of con- 
structing protein by rearrangement of the elements supplied 
to it by their compounds. Torula, on the other hand, is 
unable to construct protein matter out of such materials as 
these. 

Another difference between lorula and Protococcus is 
only apparent : Torula absorbs oxygen and gives out car- 
bonic anhydride; while Protococcus, on the contrary, absorbs 
carbonic anhydride and gives out oxygen. But this is true 
only so long as the Protococcus is exposed to sunlight. In 
the dark, Protococcus, like all other living things, undergoes 
oxidation and gives off carbonic anhydride ; and there is 
every reason to believe that the same process of oxidation 
and evolution of car])onic anhydride goes on in the light, 
but that the loss of oxygefl is far more than covered by the 
quantity set free by the carbon-fixing apparatus, of which 
the chlorophyll forms an essential part. 
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The multiplication of Protococcus takes place by means of 
actively locomotive spores, termed zoospores. These are of 
two kinds. The larger, or inacrozoosporcs^ are produced by 
the division of the contents of one of the ordinary cells into 
two or four portions. These portions assume a pear-like 
shape and become free by the resorption of the wall of the 
mother-cell. When they first escape the zoospores are 
naked j)rotoplasmic bodies {priuioniinl cells) destitute of any 
cell-wall. They swim actively through the water by means 
of two delicate processes of the protoplasm, termed cilia, 
which are inserted at the j^ointed end of the zoospore. The 
movement is of a double kind, the progressive motion, in 
which the pointed ciliated end goes foremost, being accom- 
l)anied by a rotation of the zoospore about its long axis. 
The macrozoospore soon acquires a thin cell-wall, through 
which the cilia protrude. Tlie wall does not remain in 
immediate contact with the protoplasm of the primordial 
cell, but becomes separated from it by a space containing 
clear cell-sap. This space is however traversed by fine 
radiating protoplasmic threads. The internal structure is 
similar to that of the vegetative cell, each zoospore contain- 
ing a nucleus and chromatophorcs. The ciliated end con- 
sists of colourless protoplasm only. The movement of the 
cilia is so rapid, and their substance is so transparent and 
delicate, that they arc invisible until they begin to move 
slowly, or are treated with reagents, such as iodine, which 
colour them, and arrest their movements. 

The smaller, or microzoospores, arc produced by the division 
of the vegetative mother-cell into a larger number of por- 
tions, the number being always some power of two. They 
differ from the macrozoospores, apart from their size, in 
never acquiring a cell-wall so long as their movement con- 
tinues. In other respects the two kinds of zoospores agree. 



392 ELEMENTARY BIOLOGY. [CIIAP. 

Both eventually come to rest, assume a globular shape, 
lose their cilia and form a thick cell-wall around their pro- 
toplasm, thus reproducing the vegetative condition of the 
plant. 

Both kinds of zoospores are sensitive to light, swimming 
towards the source of light, when its intensity is moderate, 
and away from it when its intensity is increased. 

For reasons similar to those which prove the vegetable 
nature of Tof'ida, Froiococcus is a plant, although its zoo- 
spores are curiously similar to the Monads among the lowest 
forms of animal life. But it is now known that many of the 
lower plants, especially in the group of Algcr.^ to which Fro- 
iococcus belongs, also give rise to locomotive spores propelled 
by cilia, like thos^ of Froiococcus^ so that there is nothing 
anomalous in the case of the latter. 

Tike the yeast-plant, Froiococcus retains its vitality after it 
has been dried. It lias been i)rcserved for as long as two 
years in the dry condition, and at the end of that time has 
resumed its full activity when placed in water. The wide 
distribution of Froiococcus on the tops of houses and else- 
where, is thus readily accounted for by the transport of the 
dry Fiviococci by winds. 


LABORATORY AVORK. 

A. Morphology. 

a. Vegeiaiive siage. 

I. Spread out in water some mud from a gutter or 
similar locality, and put on a cover-glass. Look for 
the red or green Pfotococcus cells with a low power. 
Having found some, put on a high power and make 
vout the following points. 
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Size; (measure) — very variable. 

Form ; more or less spheroidal, with individual 
variations. 

Structure; cell-wall^ protoplasm^ chro 7 natophores^ some- 
times a vacuole^ always a nucleus containing a 
nucleolus. 

Colour ; generally green — sometimes red — sometimes 
half and half — sometimes centre red, periphery 
green — the colouring matter always in the proto- 
plasm of the chromatophores only. 

Draw carefully to scale. 

Apply tlie methods of mechanical and chemical 
analysis detailed for Torula, (1. 3. 4. 5. 6.) The 

application of iodine is especially useful for bringing 
out the limits of the chromatoi^hores, and also the 
nucleus and nucleolus. The same reagent will also 
often show the presence of some small starch-grains. 
Tieat a specimen witli strong iodine solution and 
then with sulphuric acid (75 per cent.): the cell-wall 
will become stained blue. 

Look out for cells the contents of which are dividing 
up to form zoospores. 

b. Zoospores. 

a. Mount a drop of water containing zoospores of 
Protococcus, and examine with a high power. 
Note the actively locomotive green bodies, of 
which two varieties can be distinguished, 
a. Cells of relatively large size derived from 
the vegetative cells* by division of their con- 
tents into 2 or 4 portions. These are the 
maa‘ozoospores. Observe the thin colour- 
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less cell-wall, surrounding the protoplasm, 
but separated from it by a clear space. 
Note in various specimens — The two cilia 
l)rolonged from the i)rotoplasm through aper- 
tures in tlie cell-wall; their motionless part 
witliin tlie wall; their vibratile portion out- 
side it. The colourless thin external layer 
of the ])rotoplasm collected into a little heap 
at the point from whence the cilia arise. 
The delicate colourless processes radiating 
from tlie outer protoplasmic layer to the in- 
terior of the cel I- wall. The colour — usually 
green, but frcfpicntly one bright red spot is 
present. 

• * 

Here, as in the vegetative stage, the colour- 
ing matter is limited to the relatively large 
cliromatophores, and here also a nucleus is 
present. 

/i. Cells of smaller size but much like the above 
if the cellulose sac were removed, and the 
radiating processes extending to it from the 
protoplasm withdrawn. These are the micro- 
zoospo?'es, 

Ik Try to find specimens in which the movements 
are becoming sluggish, and see the cilia in 
motion. 

c. Stain with iodine ; this kills the cells, and stops 
their movements, and frcciuently renders the 
cilia very distinct. 

1 ry to find zoospores which liave come to rest, 
and are beginning to form a new cell-wall. 
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Get some water that is quite green from containing a 
large quantity of Protococcus; introduce some of it 
into two tubes filled with and inverted over mercury, 
and pass a small quantity of carbonic anhydride into 
each: keep one tube in the dark and place the other 
in bright sunlight for some hours. Then measure the 
gas in each tube and afterwards introduce a fragment 
of caustic potash into each ; the gas from the specimen 
kept in the dark will be more or less completely ab- 
sorbed ( — carbonic anhydride), that from the other 
will not be absorbed by the potash alone, but will be 
absorbed on the further introduction of a few drops of 
solution of pyrogallic acid (= oxygen). Protococcus, 
therefore, in the sunlight, takes up carbonic anhydride 
and evolves oxygen. A comparative experiment may 
be made with a third tube containing water but no 
I’rotococcus. 

Place some water containing numerous zoospores of 
Protococcus near a window, exposed to bright sun- 
light. Observe that the majority of the zoospores 
accumulate on the side away from the source of 
light. 

Next remove them to some distance from the window, 
or otherwise diminish the intensity of the light acting 
on them. Observe that now the zoospores accumulate 
on the side totuards the light. 

The zoospores of Protococcus are thus seen to be 
photometric^ i. e. they seek or avoid the light according 
to the degree of its intensity.] 
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SPIROGYRA. 

In i)onds and tanks, the water of wliich is tolerably pure, 
we constantly find in summer floating masses, of a light 
green colour, which feel slippery when handled. A very 
superficial examination is sufficient to show that these 
masses consist of a vast number of very long and fine green 
threads. The organisms in question may belong to various 
genera of a group of jilarnts called the Covfervoid Algae: 
one of the genera, representatives of which are most com- 
monly found, is Spirogyra. 

On microscopical examination w^e find that each thread 
of Spirogyra consists of a single, unbranched, row of 
cylindrical cells, of very variable length, but of constant 
diameter throughout the filament. There is no distinction 
of apex and base ; both ends of the filament are quite 
alike, and neither is attached to any substratum. We have 
to do here with a plant which is morphologically multi- 
cellular, for each thread consists of many cells. All these 
cells, liowever, are uniform in structure, and each performs 
for itself, so far as can be ascertained, all the functions of 
the plant. Hence Spirogyra may be spoken of as phy- 
siologically a unicellular plant. In each of the cells there 
are one or more (sometimes as many as lo) bright green 
spiral bands, and by Ifnese the genus may at once be 
recognized. Their number varies according to the species, 
which are very numerous, and in many cases hard to 
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distinguish. The most favourable for investigation are of 
course the larger ones, and among these the most con- 
venient forms are those in which the spiral bands have 
somewhat lax windings, so that they do not interfere with 
the view into the interior of the cell. 

Each cell of Spirogyra is bounded on the outside by a 
cellulose wall. This consists of a number of layers, which 
however can only be made out distinctly by the use of 
reagents such as potash. Immediately inside the cell-wall 
and closely applied to it is a layer of protoplasm, to which 
the name primordial utricle is applied. In S[)irogyra this 
is so thin that it is difficult to make out under natural con- 
ditions except with a very high power. It can however be 
easily demonstrated by the use of what^ are termed plaS‘ 
vwlysmg re-agents, such as solution of common salt, which 
withdraw water from the interior of the cell, and thus cause 
its contents to contract, ^fhe contracted mass will then be 
seen to be bounded on all sides by a thin membrane, which 
is the primordial utricle. The latter is of precisely the 
same nature as the protoplasm in the cells of Yeast or Pro- 
tococcus. Its occurrence in the form of a relatively thin 
parietal layer, while the greater part of the cavity of the cell 
is occupied by a large vacuole, is characteristic of most 
vegetable cells in their mature condition. 

The green spiral bands correspond to the chromatophores 
in Protococcus, and bear the same name, each band being 
spoken of as a single chromatophore. Each cell may there- 
fore contain one chromatophore, or several, according to 
the species. In these bodies all the chlorophyll of ^e 
plant is contained. They themselves consist of protoplasm 
and retain their form unaltered* when the chlorophyll is 
extracted by alcohol or other solvents, and they are in im- 
mediate contact with the primordial utricle throughout their 
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whole course. At intervals along each chromatophore 
round bodies will be observed which appear green like 
the rest of the band, but on careful examination are 
each found to contain a small colourless mass of proteid 
substance, termed the pyrenoid. This pyrenoid is of a 
crystalline form, usually appearing hexagonal in optical 
section, and can be brought out more clearly by the use of 
staining reagents, bodies of this nature arc of very general 
occurrence in the chromatophores of the Algoe. It is only 
around the pyrenoids that starch is formed, and if the plant 
has been exposed to the light before examination, the 
])yrenoid will be found to be surrounded by a layer of small 
starch-grains often present in so great a mass that the band 
is distinctly swollen at the places where they occur. 

As already mentioned the greater part of the interior of 
the cell is occupied by a single large vacuole, containing 
cell-sap, i.e, water in which certain inorganic salts, and 
certain organic substances, such as sugar and acids, arc 
dissolved. 

In addition to the structures already described each cell of 
Spirogyra contains a conspicuous nucleus > Its position varies 
somewhat in different species, for in some cases it is placed 
in the middle of the cell, while in others it is nearer to 
the external wall. Forms with a central nucleus are more 
convenient for observation. The shape of the nucleus also 
shows certain specific differences. A very common form is 
that of a biconvex lens, the edge of the lens being turned 
towards the lateral walls of the cell, and the circular faces 
towards its ends. The nucleus is surrounded by a layer of 
protoplasm, from which long processes radiate which 
traverse the vacuole and are attached at their further ends 
to those paits of the chromatophores in which the pyrenoids 
are situated. 
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The nucleus contains a relatively large nucleolus, the 
substance of which seems to be homogeneous, and some- 
what resembles that of the pyrenoids in its reactions. The 
nucleus itself usually appears to be finely granular. Its real 
structure is however fibrous, but for the study of these 
details the nucleus of Spirogyra is not favourable. 

The growth of Spirogyra in length is accompanied by the 
increase in number of its cells. This increase takes place 
by the repealed division of each cell into two equal parts, 
by means of a transverse wall; the process is not localized 
in any special region of the filament; all its cells are alike 
capable of division. In tliis fact Spirogyra differs from all 
the more perfect ])]ants to be subsetiuenily considered, and 
here also we have an indication of the physiological equiva- 
lence of the constituent cells of Spirogyra*. 

The process of cel I- division takes place, under normal 
conditions, in the night, the products of assimilation which 
have been accumulated in the daytime being used up during 
the darkness to form new cell-wall and protoplasm. The 
division is however dependent on temperature, and by keep- 
ing the plants cold during the night it is possible to make 
them postpone their cell-division till the morning, when it 
can be conveniently observed. The nucleus divides into 
two, the daughter nuclei being at first connected by fine 
protoi)lasmic threads. In the meantime a transverse ring of 
cellulose is formed by the protoplasm around the cell, mid- 
way between its two ends. This ring is continuous, at its 
outer edge, with the lateral wall on which it abuts. By 
further additions from the protoplasm it gradually grows in- 
wards until its inner edges meet, so that a complete disc of 
cellulose is formed across the cavity of the cell. The con- 
tents necessarily become constricted by the inward growth 
of the new cell-wall, and are eventually severed into two 



400 ELEMENTARY BIOLOGY. [CIIAP. 

distinct halves, each containing one of the daughter nuclei. 
The whole process, especially as regards the division of the 
nucleus, is a complicated one, but it is not necessary to enter 
into the details here. Cell-division, of which this may be 
taken as a type, is the general mode of formation of cells 
throiigliout the vegetable kingdom. In the higher plants 
however it is usual for the new wall to be formed simul- 
taneously over its wliole area, instead of by progressive 
growth from without inwards. 

I'hc Rcp?'oduction of Spirogyra takes place in quite a 
different way from that of the plants hitherto considered, 
and affords one of the simplest examples of a sexual process. 
In the form in which it here occurs this process is termed 
conjugation^ which may be defined as the union of two ex- 
ternally similar cells to /orm a single reproductive cell. 
Conjugating specimens can usually be distinguished from 
vegetative ones by their more tangled fdaments, and duller 
colour, and by feeling rougher when handled. When under 
cultivation Spirogyra can usually be induced to conjugate 
by allowing the water in which it is growing to evaporate 
very gradually. In the ordinary form of conjugation two 
filaments lying side by side send out short lateral protrusions, 
one fiom each cell. The protrusions from the one filament 
grow to meet those from the other, their contiguous walls 
become absorbed, and in this way the two filaments become 
connected by a number of transverse tubes, arranged like the 
rungs of a ladder. Changes now begin to take place in the 
contents of the cells, and it is at this stage that a difference 
first shows itself in the behaviour of the two filaments. In 
the one filament the contents of each cell contract away 
from the wall, so as to lie freely in the cavity of the cell, 
as a distinct sac bounded by the primordial utricle. In 
the other filament these changes take place somewhat later. 
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After a time the contents of the cells which first under- 
went contraction begin to move into the connecting tube. 
The entire contents pass over and fuse completely with 
those of tlie cell which receives them. Recent researches 
have shown that the corresponding constituents of the 
contents of each cell unite one with another, primordial 
utricle fusing with primordial utricle, chromatophore with 
chromatophore, and, which is the most important point, 
nucleus with nucleus. 

The cell formed by conjugation is termed the zygospore. 
It is at first spherical in shape and destitute of any cell-wall 
of its own. It soon increases in size, by taking up water, 
assumes an elliptical outline, and becomes surrounded by a 
cell-wall. The latter consists, in its mature condition, of 
three layers, tlie middle one of which is of a brown colour, 
while those on either side of it are colourless. The wall is 
ciitiadarized^ that is to say, it has undergone a chemical 
change which renders it almost wholly impermeable to 
water. Meanwhile changes go on in the contents of the 
zygospore, the most important being the appearance of oil 
in place of starch. In this condition the zygospore passes 
through a long stage of rest, during wliich it can withstand 
great extremes of temperature, and is not injured by periods 
of drought. On germination each zygospore bursts its cuti- 
cularized wall and grows out directly into a new’ plant. 

We have seen that in the normal case of conjugation just 
described a distinct differentiation of the filaments into 
male and female individuals is shown, as all the cells of 
each of the conjugating filaments behave in the same Avay, 
either giving up their own contents or receiving those of the 
other thread. This sexual difference however has not yet 
become completely fixed, for in certain cases adjoining cells 
of one and the same filament conjugate with each other. 

M. 26 
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This process, to which the name of 7nona:cioiis conjugation 
may he applied, occurs in the same species which are usually 
reproduced by the normal ladder-like or dioecious con- 
jugation. 

Some allies of Spirogyra show no demonstrable difference 
of sex between the conjugating cells, for the zygospore is 
formed in the connecting passage, each cell thus appearing 
to take an exactly c(iual part in the process. 

The mode of reproduction in Spirogyra and its allies, simple 
as it is, may serve as the type of all sexual reproduction. 
Among the innumerable modifications under which the 
sexual process takes place, the one point which is found to 
be constant is the fusion of the nuclei of two distinct cells, 

A few words on the P/iysiology of Spirogyra may be added. 
Its nutrition lakes iilace *:n all important respects in the 
same way as that of Protococcus. I'he carbonaceous food 
of the plant is obtained by decomposition of the carbon 
dioxide dissolved in the water, and this of course only goes 
on under the influence of light. Starch is the first easily 
demonstrable product of this process, though it is certainly 
not the first product actually formed. It is easy to show 
that the formation of the starch-grains is dependent on the 
action of light. If the plant be kept for some hours in the 
dark all the starch will be found to have disappeared. A 
very short exposure to daylight is sufficient to induce its 
renewed formation. Under the action of direct sunlight a 
demonstrable amount of starch may be developed within so 
short a time as five minutes. It will be remembered that 
the starch-grains are formed around the pyrenoids. As re- 
gards the part played by the latter in the process we have 
no definite knowledge aP present, but similar protcid crys- 
talloids are found elsewhere in connection with starch- 
forming corpuscles. 
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Spirogyra will not of course grow in distilled water any 
more than will Yeast or Protococcus. If the water be sup- 
plied with the following salts the Spirogyra will be able to 
obtain all the food it requires : Potassium Nitrate, Calcium 
Sulphate, Magnesium Sulphate, Calcium Phosphate, Sodiuni 
Chloride, and Ferric Chloride. The sodium chloride is only 
of indirect service as neither of its elements is essential as a 
food-constituent. As regards the other elements required 
by the i)lant, we already know that Carbon, Flydrogen, 
and Oxygen are the elements of starch and cellulose, while 
the protoplasm and nucleus are built up of these elements 
with the addition of Nitrogen, Sulphur and Phosphorus. 
Iron is n^x^.ssary for the formation of chlorophyll, while 
potassium i)lays an essential, though c^bscure, part in the 
process of assimilation. Calclrim and Magnesium have 
been shown by experiment to be necessary for the nutrition 
of green plants, but their exact function is still doubtful. 


I.ABORATORY WORK. 

A. Morphology. 

I. Vegetative condition. 

1. Naked-eye characters. 

Observe that the masses of Spirogyra consist of 
long, delicate, bright green, unbranched filaments, 
which in the vegetative condition arc quite smooth 
and glossy. 

2. Microscopical characters. 

IMount one or two filaments of Spirogyra in water 
and observe first with the low, and then with the 
high power. 


26 — 2 
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a. Note that each filament is composed of a series 
of cylindrical cells, that it is unbranched, and that 
all its cells are alike (apart from slight differences 
of length). Observe especially that there is no 
difference of structure between the two ends of 
the filaments. 

b. In each cell observe 

a. The cell-wall, completely surrounding the cell. 
It consists of cellulose and gives tlie same re- 
actions as the cell-wall of Protococcus (p. 393). 
On treatment with Potash solution, the stratifi- 
cation of the cell-wall can be made out with a 
high power. 

/i. 'Phe prbtoplasinic friniot'dial ntrich\ completely 
lining the cell-wall on the inside. This is 
colourless and appears finely granular under 
a very high power. In order to see the 
primordial utricle better, plasmolyse the cell by 
running in 10 p. c. salt solution. The prim- 
ordial utricle will now contract away from the 
cell-wall and be easily seen. 

y. The bright green sj^iral chromatophorcs. These 
arc from i to 10 in number, according to 
the species. Observe the round bodies oc- 
curring at intervals in each chromatophore. 
These are the pyrenoids^ each of which is 
surrounded by a layer of starch-grains if the 
l)lant has been exposed to light. Run in Iodine 
solution to demonstrate the presence of starch. 

8. The large vacuole occupying the greater part of 
the interior of the cell. 

c. The 7 iuclcns in the middle of the cell. In most 
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species its form is that of a biconvex lens, as 
described in the text. Inside it is the 7iuclcolus, 
I'he nucleus is surrounded by a layer of pro- 
toplasm. Observe that strands of protoplasm 
radiate from the latter, crossing the cavity of 
the cell, and attached at their outer ends to 
those i)arts of the chromatophores where the 
])yrenoids occur. 

The minute structure will be better made out l^y 
means of staining. Place some Spirogyra in satu- 
rated solution of Picric acid* for not less than 
12 hours. Then wash thoroughly in distilled 
vater. The chlorophyll will now have entirely 
disappeared. Stain the filaments thus prepared 
with liorax carmine solution ‘-^for an hour or more. 
Then mount in dilute glycerine^ and examine with 
the highest power available. The cell-wall will 
be unstained. The protoplasm of the primordial 
utricle, chromatophores, and radial strands will 
have taken the stain very lightly. On the other 
liand the nucleus will be decidedly, and the nu- 
cleolus very deeply, coloured. The pyrenoids 
stain deeply, and their crystalline form can now 
be clearly made out. The layer of starch-grains 
surrounding each pyrenoid remains ejuite colour- 
less. It is especially in material prepared in this 
way that the relation of the radial protoplasmic 
strands to the pyrenoids can be traced. 

7). The process of cell-division^ as described in the 
text, can be best observed by keeping the Spiro- 
gyra at a low temperature during the night, and 

* Appendix, E. 

- Appendix, E. 

^ The best plan is to mount in water and gradually run in glycerine 
under the cover-slip. 
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examining in a warm room the following morning. 
In cold weather it is sufficient to put the vessel 
containing the Spirogyra out-of-doors ; in summer 
it may be surrounded with icc. 

In mounting the filaments to observe the di- 
vision it is necessary to support the cover-slip by 
means of two bristles or fragments of thin glass, so 
that it may not press on the object. The higher 
the power used the better. 

11. Reproduction. 

1. I.ook out for masses of Spirogyra in which the fila- 
ments arc tangled, and of a dull-green colour, as 
described in the text These wall generally be found 
late in the summer, or at any time when the water 
in \vhich the<|)lant is growing is getting low, 

2 . Examine such filaments first with a low power, in 
order to find the various stages of conjugation. 
The details at each .stage are then to be made out 
with the high power. Observe 

a. Pairs of parallel filaments which have begun to 
produce the lateral protrusion. Note that the 
protrusions in the filaments are formed opposite 
one another. 

h. Similar pairs in which the protrusions have al- 
ready liecome continuous by absorption of their 
\valls at the point of contact, so that they now 
form transverse tubes connecting the filaments. 
Note that at this stage the cells of the one fila- 
ment show a contraction of their contents, while 
those of the other are unaltered. 

i\ Stages in which the cell-contents of the one fila- 
ment are passing over through the connecting 
tubes into the cells of the other. 
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The details of the fusion of the contents are best 
made out in material prepared and stained as de- 
scribed above (I. 2. b, f.). Without some such 
treatment the nuclei cannot be seen at this stage 
at all. 

Stages of development of the Zygospore^ formed 
from the united contents of the two cells. Ob- 
serve its fonn^ at first spherical, then oval, and the 
gradual thickening of its wall, which ultimately 
consists of 3 layers. Treat a ripe zygospore with 
Sulphuric acid. Observe that its wall is not dis- 
solved, showing that it has become cuiicularized. 
Observe the abundant oil-drops in the contents of 
the Zygospore. 

1>. Physiology. 

j. Keep some filaments of Spirogyra in distilled water. 
Observe that although they may remain alive for some 
time, growth soon ceases entirely. 

Place other filaments in a food-solution^ containing 
the salts enumerated in the text. Under proper con- 
ditions of light and temperature active growth of the 
filaments and division of their cells will now take place. 

2. Place a vessel containing Spirogyra in the dark for 
12 hours. Then mount some filaments, test with 
Iodine, and observe that the starch has entirely dis- 
appeared. 

Expose some of the filaments to as bright a light as 
possible. Observe again after a short interval (varying 
from 5 minutes to an hour or more according to the 
intensity of the illumination). Test with Iodine as 
before, and observe that starch-grains have again made 
their appearance around th^ pyrenoids. 

’ Appendix, E. For Spirogyra the solution should be considerably 
diluted. 
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Under these names a considerable variety of organisms, 
for the most part of extreme minuteness, arc included. 

They may be defined as globular, oblong, rod-like or 
spirally coiled masses of protoplasmic matter enclosed in a 
more or less distinct structureless membrane, in most cases 
devoid of chlorophyll and multiplying by transverse division. 
The smallest are not more than of an inch in dia- 

meter, so that under the best microscopes they appear as 
little more than mere specks, and even the largest have a 
thickness of little more than i inch, though they 

may be very long in proportion. Many of them have two 
conditions -a still and an active state. In their .still condi- 
tion, however, they very generally exhibit that Brownian 
movement which is common to almost all very finely divided 
solids suspended in a fluid. But this motion is merely oscil- 
latory, and is readily distinguishable from the rapid transla- 
tion from place to place which is effected by the really active 
Bacteria. 

In a large number of forms the presence of cilia has been 
detected. In Spirilluni volutans^ for example, one of the 
largest species, there is a cilium at each end of the spirally 
coiled body. In this casQ and in some others there can 
scarcely be a doubt that these cilia consist of protoplasm, 
and are really the organs by which the movement is effected. 
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In other cases again, however, there is some reason to 
believe that the so-called cilia arc simply prolongations of 
the ccll-membrane, and destitute of any power of inde- 
pendent movement In the latter case the movement of 
the organism must be due to some other cause, such as the 
contractility of the protoplasmic body as a wliole. Many 
forms, such as the VibrumeSy so common in putrefying 
matters, appear obviously to have a wriggling or serpenti- 
form motion, but this is an optical illusion. In this Bac- 
terium the body does not rapidly change its form ; but its 
joints are bent zigzag-wise, and the rotation of the zig-zag 
upon its axis, as it moves, gives rise to the appearance of 
undulatory contraction, A cork-screw turned round, while 
its point rests against the finger, gives rise to just the same 
appearance. 

In other forms, however, such as Spirillum, true contrac- 
tile curvatures have been observed. 

A nucleus has not yet been detected in any of these 
plants. The delicate membrane of the Bacteria is in all 
cases surrounded on the outside by a gelatinous layer, often 
difficult of detection. In the still state, however, this gela- 
tinous substance is often developed to a very large extent, 
forming a continuous mass of considerable size, in which 
the individual cells appear embedded. This is termed the 
Zoogla\i form of the Bacteria. The membrane of the Bac- 
teria, with its gelatinous layers, corresponds to the cell-wall 
of Protococcus or yeast Its reactions, however, vary in 
different cases, sometimes agreeing with those of cellulose, 
and sometimes indicating an albuminous composition. 

All forms of Bacteria, of which the life-history has been 
fully investigated, arc found to* produce resting spores. 
These bodies make their appearance when the supply of 
food has become exhausted or the conditions have otherwise 
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grown unfavourable. Either the spore may arise as a small 
cell in the interior of certain of the vegetative cells, or the 
latter may themselves become directly converted into 
spores. In either case the spore is characterized by its 
more granular i)rotoplasm and firmer cell-wall. On germi- 
nation, which may be delayed until after a long period 
of rest, the hard membrane is thrown off, and the pro- 
toplasm of the spore resumes the ordinary vegetative deve- 
lopment. 

Bacteria grow and multiply in Pasteur's solution (without 
sugar) with extreme raj)idity, and, as they increase in 
number, they render the fluid milky and opacpie. Their 
vital actions are arrested at the freezing point, but no tem- 
perature has yet been reached low enougli to kill them. 
Ibey thrive best in a temperature of about 30^^ C. but, in 
most fluids, they arc killed by a temperature of 60^ C. 
(140“ E.). Tliis, however, only applies to the vegetative 
condition, for the spores can in many cases resist a tempera- 
ture very considerably over the boiling point of water. 

In many points of their j)hysiology Bacteria closely re- 
semble Toruhe; and a further resemblance lies in the cir- 
cumstance that many of them excite specific fermentative 
changes in substances contained in the fluid in which they 
live, just as yeast excites such changes in sugar. 

All the forms of putrefaction which are undergone by 
animal and vegetable matters are fermentations set up by 
Bacteria of different kinds. Organic matters freely exposed 
to the air are, in themselves, nowise unstable bodies, and 
if due 2'>i'ecautions have been taken to exclude Bacteria 
they do not putrefy, so that, as has been well remarked, 
‘‘putrefaction is a conconytant not of death, but of life.” 

Bacteria^ like Torulte and Brotococcij arc not killed by 
drying up, and from their excessive minuteness they must 
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be carried about still more easily than Toruhe are. In 
fact there is reason to believe that they are very widely 
diffused through the air, and that they exist in abundance 
in all ordinary water and on the surface of all vessels that 
are not chemically clean. They may be readily filtered off 
from the air, however, by causing it to pass througli cotton- 
wool. 

The Bacteria have no near relationship to any of the 
other plants described in this book, and are introduced 
chiefly on account of the great importance of the various 
fermentative changes which they produce. 

The life-history of the Bacteria is only completely known 
in comparative ‘ly few species. Some of them have been 
found to be highly pl€ 07 norphiq that is to say, the same species 
may appear under very different .forms at different i)eriods 
of its development. In other cases the life-history is com- 
paratively simple. Hence the various forms mentioned in 
the Laboratory work must not be regarded as necessarily 
rej^rcsenting so many distinct species. 


LABORATORY WORK. 

1. Infuse some hay in warm water for half-an-hour- - 
filter, and set aside the filtrate: note the changes 
which go on in it — at first clear, in 24 or 36 hours it 
becomes turbid ; later on, ci scum forms on the sur- 
face and the infusion acquires a putrefactive odour. 

2. Rub some gamboge down in water and examine a 
drop of the mixture with a high power: avoid all 
currents in the fluid and watch the Brmmian fjwve- 
ipienis; note that they are simply oscillatory — not 
translative. 



412 ELEMENTARY BIOLOGY. [CIIAP. 

3. Take a drop of fluid from a turbid hay infusion— 
and examine it, using the highest power you have; 
in it will be found multitudes of 

Moving Bacteria. Note their — 

iu Form; elliptic or rodlike — sometimes forming 
short (2 -8) jointed rows. 

A Size; breadth, very small l)Ut pretty constant; 
lengtli, varying, but several times greater than 
their breadth : measure. 

c. Structure; an outer more transparent layer en- 
veloping less transparent matter: in tlic com- 
pound forms the envelope api)ears only where 
two joints come in contact, so that the rod looks 
as if made up oLaltcrnating trans])arent and more 
oiiaque substances. 

iL Movements; some vital, and some imrely physical 
{J.h‘Ownian), The former various but progressive: 
the latter a rotatory movement round a stationary 
centre; study it in a drop of boiled infusion in 
which the Eacteria arc all dead, 

'IVeat with iodine —only the more opaque parts 
stain; probably then we have to do with proto- 
plasm, enveloped in nonprotoplasmic matter. 

5. Resting Bacteria. {Zoo;^hm-stage,) 

( 7 , Examine the scum from the surface of a Iiay 
infusion; it exhibits myriads of motionless bac- 
teria, embedded in gelatinous material. 

/;. Treat with iodi^ie ; the Bacteria stain as before ; 
the gelatinous uniting material remains un- 
stained. 
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6. Besides the form hitherto described, which would 
be known as A7*throbacterium^ many other Schi- 
zomycctes will certainly be found, both in the 
l)ellicle and the fluid beneath. The following may 
be especially mentioned : 

a. Micrococcus. Bodies much like Arthrobacterium 
l)ut short and rounded, and occurring singly, or 
in bead-like rows. They may be found free or 
in a Zoogloea stage. 

h. Bacillus. Threads composed of straight cylin- 
drical joints much longer than those of Arthro- 
baclerium, but of similar structure: they arc al- 
ways free-swimming. 

c\ Vibrio. lake Bacillus, J)Ut witl? bent joint'^. 

d. Spirillum. Elongated tin join ted threads rolled 
up into a more or less perfect spiral : frequently 
two spirals interwine. In some of the largest 
forms a vibratile cilium can be made out on 
each end of the thread. 

c. Spirochsete. Much like Si)irillum, but longer 
and with a much more closely rolled spiral. A 
very actively motile but not common form. 

7. Examine various initrefying substances for different 
forms of Bacteria. Successful cultures may be 
made on hard-boiled white of egg, or slices of 
potato, kept moist under a bell-glass. Various 
brilliantly coloured micrococci including the blood- 
red “ Micrococcus prodigiosus will make their 
appearance on such cultures. An infusion of pea- 
flour, filtered, is especially favourable for Spiro- 
chsete. 
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8. Place some fresh-made hay infusion in three flasks ; 
boil two of them for three or four minutes, and while 
one is boiling briskly stop its neck with a plug of 
cotton-wool and continue to boil for a minute or 
two: leave the necks of the other two flasks un- 
closed, and put all three away in a warm place. 

a. In a day or two abundant Bacteria will be found 
in the unboiled flask. 

A In the boiled but unclosed flask Bacteria will 
also .appear, but i)erhaps not <|uite so soon .as 
in a. 

c. In the flask which has been boiled and kept 
closed Bacteria will not ai)pcar, if the ex[)eri- 
ment hau been i)roperly i)orformed, even if it be 
kept for many months. 
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Tonda, Protococcus and Ama^ha are extremely simple con- 
ditions of the two great kinds of living matter which are 
known as Plants and Animals. No ])lants, except perhaps 
the Bacteria^ are simpler in structure than Tonda and Pro- 
iococcus, and the only animals which are simpler than Aiuoiha^^ 
are essentially Amcdm devoid of a nucleus and contractile 
vesicle. Moreover, however complicated in structure one 
of the higher plants may be in its adult state, when it com- 
mences its existence it is as simple as Tonda or Protococcus; 
and the whole plant is built up by the fissive multiplication 
of the simple cell in which it takes its origin, and by the 
subseciuent growth and metamorphosis of the cells thus 
produced. We have already seen that the like is true of all 
the higher animals. They commence as nucleated cells, 
essentially similar to A and colourless blood-corpuscles, 
and their bodies are constructed by aggregations of meta- 
morphosed cells, produced by division from the primary 
cell. It has been seen that Tonda and Proiococcus, similar 
as they are in structure, are distinguislied by certain im- 
portant physiological peculiarities; and the more compli- 
cated plants are divisible into two series, one produced by 
the growth and modification of cells which have the physio- 
logical peculiarities of Tonda and contain no chlorophyll, 
while the other, and far larger, series contains chlorophyll, 



41 6 ELEMENTARY BIOLOGY. [CHAP. 

and has the physiological peculiarities of Proiococcus. The 
former series comprises the P^ungi, the latter all other plants, 
only a few parasitic forms among these being devoid of 
chlorophyll. 

The lutngi take their origin in spores^ a kind of cells, 
which, however much tliey may vary in tlic details of their 
structure, are essentially similar to ToniUc. Indirectly or 
directly, the spore gives rise to a long tubular filament, 
which is termed a /lyp/ni, and out of these hyphee the 
L'ungiis is built up. 

One of the commonest Moulds, the Pcnici/liuffi glaucujii^ 
which is familiar to every one from its forming sage-green 
crusts upon bread, jam, old boots, &c. affords an excellent 
and easily studied example of a Fungus. When examined 
with a magnifying glass, the green api)earance is seen to be 
due, in great measure, to a very fine powder which is de- 
tached from the surface of the mould by the slightest touch. 
Beneath this lies a felt-work of delicate tubular filaments, 
the hyidioc, forming a crust like so much blotting-paper, 
which is the juycclium. From the free surface of the crust 
innumerable hypha^ project into the air and bear the green 
powder. These arc the aei'ial hypJuc, On the other hand, 
the attached surface gives rise to a like multitude of longer 
branched hypha^, which project into the Iluid in which the 
crust is growing, like so many roots, and may be called the 
submerged hyphec. If the patch of PcniciUhwi has but a 
small extent relatively to the surface on which it lies, mul- 
titudes of silvery hyphm will be seen radiating from its 
periphery and giving off many submerged, but few or no 
vertical, or subaerial branches. Submitted to microscopic 
examination, a hypha is seen to be composed of a transpa- 
rent wall (which has the same characters as the cell-wall of 
Toruld) and protoplasmic contents, which fill the tube 
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formed by the wall, and present large central clear spaces, 
or vacuoles. At intervals, transverse partitions, continuous 
with the walls of the tube, divide it into elongated cells, 
each of which contains a correspondingly elongated proto- 
plasmic sac, or primordial titride. Each cell contains a 
number of small nuclei, the presence of which can only be 
detected by tlie use of staining reagents. Thus in Feni- 
cilHum we have our first example in the vegetable kingdom 
of 7nuliinu€lcate cells. The hyphoe frecpiently branch, and, 
in the crust, tliey are inextricably entangled with one 
another ; but every hypha, witli its brandies, is quite dis- 
tinct from every other. Those aerial hyphee which are 
nearest the periphery of the crust end in simple rounded 
extremities; but the others terminate in brushes of short 
branches, and each of these Itfanches, as it grows and 
elongates, becomes divided by transverse constrictions into 
a series of rounded spores arranged like a row of beads. 
The spores formed in this manner are termed co7ndia^ and 
the hyphai bearing them are termed co7iidiophores. At the 
free -end of each filament of the brush the conidia become 
very loosely adherent, and constitute the green pow^dery 
matter to wdiich reference has been made. Examined 
separately, a C07iidiu77i is seen to be a spherical body, com- 
posed of a transparent sac, enclosing a minute mass of pro- 
toplasm and a nucleus, in all essential respects similar to a 
To7'ula. If sown in an appropriate medium, as for example 
Pasteur’s solution, with or without sugar, the C07tidiii77i 
germinates. Upon from one to four points of its surface an 
elevation or bulging of the cell-wall and of its contained 
protoplasm appears. This rapidly increases in Icngtli, and, 
continually growing at its free eneb gives rise to a hypha, so 
that the young Penicilliuin assumes the form of a star, each 
ray being a hypha. The hyphse elongate, while side branches 
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are developed from them by outgrowths of their walls ; and 
this process is repeated by the branches, until the hyphoe 
proceeding from a single conidium may cover a wide circular 
area, as a i)atch of mycelium. When, as is usually the case, 
many conidia germinate close together, their hypha3 cross 
one another, interlace, and give rise to a papyraceous crust. 
After the hyphio have attained a certain length, the pro- 
toplaom divides at intervals, and transverse septa are formed 
between the masses thus divided off from one another. But 
neither in this, nor in any other Fungus, are septa formed in 
the direction of tlic length of the hypha. 

Very early in the course of the development of the 
mycelium, branches of the hyplioi extend downwards into 
the medium on whjich the mycelium grows ; while, as soon 
as the patch lias attained- a certain size, the hyplue in its 
centre give off vertical aerial branches, and the develop- 
ment of these goes on, extending from the centre to the 
periphery. The outgrowth of pencil-like bunches of branches 
at the end of these takes place in the same order ; and 
these branches, becoming transversely constricted as fast as 
they arc formed, break up into conidia, which are ready to 
go through the same course of development. 

The conidia may be kept for a very long time in the dry 
state, without their readiness to germinate being in any way 
impaired, and their extreme minuteness and levity enable 
them to be dispersed and carried about by the slightest 
currents of air. The persistence of their vitality is subject 
to nearly the same conditions of temperature as that of 
yeast. Pullulating cells, resembling Torula3, are not un- 
frequently derived from the conidia of Pcnicillium and many 
other of the lower Fungif but they must not be confounded 
with true Yeast. 

In Penicillium we have for the first time a differentiation 
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of the body of the plant into distinct organs. On the one 
hand we have the hyphce, constituting the vcgeiative part of 
the organism, on the other the conidia^ the function of 
which is purely reproductive. 

The liyphee again, are either submerged or aerial. The 
former may be described from a purely physiological point 
of view as the root^ being characterized by the two func- 
tions of attaching the plant to the substratum, and of taking 
up food-material from it. Tlie aerial hyphaj, on the other 
liand, in so far as they absorb oxygen from the air, and 
bear the reproductive organs, may be compared to the 
s/ioot^ or leafy stem of the higher plants. 

Ticsides the purely asexual organs of reproduction above 
described, Pcnicillium also occasionally.produces structures 
whicli apj)ear to represent sexual organs, though their func- 
tional activity is in this case more than doubtful. A com- 
plex truflle-like fruit is produced from them, but these 
j^henomena will be more easily studied in another mould, 
the JEuroiium Aspergillus glaucus. Though less abundant 
than renicilliiim, this plant is of very common occurrence, 
esi)ecially on such substances as preserved fruits. Apricot 
jam, for example, may be used for growing the Eurotium 
u])on. In the vegetative structure and the asexual repro- 
duction tlicre is little difference from Penicillium. All the 
hyphce are stouter, and the conidiophofes are unbranched. 
Each head of conidia can be distinguished separately with 
the naked eye, which is not the case with the more minute 
Penicillium. After the fungus has been growing for some 
weeks the sexual fruits will begin to make their appear- 
ance. They may be recognized as small round yellow 
bodies, easily distinguished from •the heads of conidia by 
their colour and their sessile position. The development 
of these fruits is somewhat complicated. A branch grows 
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out from one of the liypha?, and becomes spirally coiled, 
like a cork-screw. This branch is called the ascogoniinn. 
A second branch (termed the pollinodium) is formed in the 
immediate neighbourhood of the first. This applies itself 
closely to the ascogonium, and it is alleged that fusion 
takes place at the point of contact. Subseciuently the as- 
cogonium increases greatly in size, and produces a number 
of clavate branches called asci^ in the interior of each of 
which eight spores are formed. In the meantime closely 
interwoven hyphoe, arising from below the ascogonium, 
form the dense envelope of tlie fruit. The production of 
spores in asci is characteristic of a very large group of 
Fungi, but it is only in exceptional cases that llie asci owe 
their origin to an a^'t of fertilization. The spores formed in 
the asci arc termed ascospores^ and reproduce the ordinary 
form of the Fungus. 

If some bread be jdaced in a jar and kept very wet and 
moderately warm, its surface will, in two or three days, be 
covered with white cottony filaments, many of which rise 
vertically into the air, and end in rounded heads, so that 
they somewhat resemble long pins. The organism thus 
produced is another of the Fungi — the mould termed Alucor 
stolonifcr. 

Each rounded head is a sporangium ; the stalk on which 
it is supported rises from one of the filaments which ramify 
in the substance of the bread, and are the hypiice. In this 
species the hyphie send out branches (the so-called ‘‘sto- 
lons^’) which grow out from the bread, and on reaching 
any substratum, such as the plate on which tht^ bread rests, 
may produce a new erdp of sporangia. Each hypha is, 
as in PenicilliujHy a tube provided with a tough thickish 
structureless wall, which is composed of a form of cellulose, 
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and is filled by a vacuolated protoplasm. In old speci- 
mens, transverse partitions, continuous with the walls of 
tlic hyphm, may divide them into chambers or cells, but 
the })lant is as a rule unicellular, or rather non-cellular, 
as regards its vegetative organs. The hyphoe contain very 
numerous nuclei. The stalk of the sporangium is a hypha 
of the same structure as the others. The wall of the 
sporangium is beset with minute asperities composed of 
oxalate of lime, and it contains a great number of minute 
oval bodies, tlie sJ)o?rs, held together by a transparent in- 
termediate substance. When the sporangium is ripe, the 
slightest pressure causes its thin and brittle coat to give 
way, and tlm spores are separated by the expansion of 
the intermediate substance, wliich readily swells up and 
finally dissolves, in water. Tl\e greafer part of the wall 
of the sporangium then disappears, but a little collar, 
representing the remains of its basal part, fref|uently ad- 
heres to the stalk. The cavity of the stalk docs not com- 
municate with that of the sporangium, but is separated 
from it by a })artition, which bulges into the cavity of 
the sporangium, forming a central pillar or projection. 
This is termed the columella and stands conspicuously 
above the collar, when the sporangium has burst and the 
spores are evacuated. 

The sports arc oval and consist of^a sac, liaving nearly 
the same composition as the wall of the hypha, which 
encloses a mass of protoplasm and a nucleus. When they 
are sown in an appropriate medium, as for example in 
Pasteur's solution, they enlarge, become spheroidal, and 
then send out several thick prolongations. Each of these 
elongates, by constant growth at its free end, and becomes 
a hypha, from which branches are given off, which grow 
and ramify in the same way. As all the ramifying hyphae 
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proceed from the spore as a centre, their development 
gives rise, as in FenicilHum, to a delicate stellate mycdiiuiu 
At first, no septa arc developed in the hyphin, so that the 
whole mycelium may be regarded as a single cell with 
long and ramified processes, or as an organism which docs 
not show a cellular structure at all. The distinction be- 
tween this condition and the multicellular structure of 
Penicillium is not so sharp as it appears at first sight, for 
it has been shown that even in plants which consist of 
many cells the protoplasm is very generally continuous, 
through minute perforations in their walls. Erom near 
the centre of the mycelium a branch is given off from a 
hypha, rises vertically, and after attaining a certain length 
ceases to elongate.^ Its free end dilates into a rounded 
head, which gradually increases in size, until it attains 
the dimensions of a full-grown sporangium \ and, at the 
same time, the protoplasm contained in this head be- 
comes separated from that in the stalk by a septum, 
which is curved towards the cavity of the sporangium, and 
constitutes the columella. The wall of the sporangium, 
thus formed, becomes covered externally with a coat of 
oxalate of lime spines. As the sporangium increases in 
size, its protoplasmic contents become marked out into a 
large number of small oval masses, which are close together, 
but not in actual contact. Each of these masses next 
becomes completely separate from the rest, surrounds itself 
with a cellulose coat, and becomes a spore ; while the 
protoplasm not thus used up in the formation of spores, 
appears to give rise to the gelatinous intermediate sub- 
stance, which swells up in water, referred to above. The 
walls of the spores become coloured, and that of the spo- 
rangium gradually thins, until it is reduced to little more 
than the outer crust of oxalate of lime. The sporangium 
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now readily bursts, and the spores are separated by the 
swelling and eventual dissolution of the gelatinous inter- 
mediate matter. 

There appears to be no limit to the extent to which the 
Miicor may be reproduced by this process of asexual de- 
velopment of spores, by the fission of the contents of the 
sporangium ; nor does any other mode of miiUiplication 
become apparent, if the mould be grown in a fluid medium 
and abundantly supplied with nourishment. 

But when growing in nature, a method of reproduction 
is set up which represents the sexual process in its simplest 
form, such as we have already seen in Spirogyra. Adjacent 
hyphai, or parts of the same hypha, give off short branches, 
which become dilated at their free ends, and approach one 
another, until these ends are applied to*gethcr. The proto- 
})lasm in each of the dilated ends becomes separated by a 
septum from that of the rest of the branch ; the two cells 
thus formed open into one another by their ajiplied faces, 
and their protoplasmic contents becoming mixed together, 
form one spheroidal mass, to the shai)e of which the coa- 
lesced cell-membranes adai)t themselves. PI ere, as in Spi- 
rogyra, the product of conjugation is termed a zygospore. 
Its cellulose coat becomes separated into an outer layer 
of a dark blackish hue and an inner colourless layer. 
'Phe outer coat is raised into irregular elevations, to 
which corresponding elevations of the inner coat cor- 
respond. 

Placed in suitable circumstances, the zygospore does not 
immediately germinate ; but, after a longer or shorter period 
of rest, the walls burst, and a bud-like process is thrown 
out, which grows out into a mycelium. Under favourable 
conditions this may at once assume the normal develop- 
ment, but if the supply of food be scanty, the mycelium 
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remains rudimentary, and immediately gives rise to a 
sporangium, in which the asexual conidia are produced. 

When Mucor is allowed to grow freely on such a sub- 
stratum as bread, or at the surface of a saccharine liquid, it 
takes on no other form than that described; but, if it be 
submerged in the same liquid, the mode of development of 
the younger hyphoc becomes changed. They break up, by 
a process of constriction, into short lengths, which separate, 
acquire rounded forms, and at the same time multii)ly by 
budding after the manner of Torultc. Coincidentally with 
these changes, an active fermentation is excited in the 
fluid, so that this “ Miicor~2\irula^'' functionally as well as 
mor])hologically, bears a resemblance to tlie yeast-plant, 
from which however its life-history shows it to be (piite 
distinct. « 

If the Mucor-Toriila is filtered off from the saccharine 
solution, washed, and left to itself in moist air, the Toruhe^^ 
give off very short aerial hyphne, which terminate in minute 
sporangia. In these a very small number of ordinary 
mucor spores is developed, but, in essential structure, both 
the sporangia and tlie s[)ores resemble those of normal 
Afuco?'. 


I.AUbRA'rORY WORK. 


A. Pknmcii.i.ium. 

Prepare some Pasteur’s fluid, and leave it exposed to 
the air in saucers in a warm jflace; if Pmicilliuvt spores are 
at hand add a few to the, fluid in eacli saucer : if spores 
cannot be obtained, the fluid, if simply left to itself, will 
probably be covered with Penicillium in ten days or a 
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fortnight. Sometimes, however, the fluid will overrun with 
Bacteria^ to the exclusion of everything else. And very 
frequently other moulds, such as Eurotium^ or MucoVy 
may appear instead of or along with PenicilUtim, 

1. Nakei)-p:ye characters. Note the powdery-looking 
upper surface, white in young specimens, pale 
greenish in older, and later still becoming dark sage- 
green: the smooth pale under surface: tlie dense 
tough character of the mycelium. 

2. Histolocicae Structure. 

a. The mycelium. 

a. Tease a bit out in water, and examine first with 
low, and then with a high pgwer : it is chiefly 
made up of interlaced tlrrcads or tubes — the 
it. IJypluc. Note their diameter (measure) — 
form- -subdivisions {cells) — mode of branch- 
ing -and structure : the external homogeneous 
sac; the granular less transi)arent protoplasm; 
the small round vacuoles, the nuclei (only to lie 
seen on treatment with alcohol, and staining 
with ha^matoxylin). Draw. 

The intermixed ToruhcT Note their size and 
number. 

h. Hold a bit of the mycelium between two pieces 
of carrot, and cut a thin vertical section with a 
sharp razor: mount in water and examine with 
low and high power. 

b. The submerged hyphae. 

Small branched threads hanging down from the under 
surface of the mycelium: repeat the observations 
2. a. Cl , a. 
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c. The aerial hyphae and conidio^^hores. 

Tease out in \Yater a bit from the surface of one of 
the greenisli patches; observe the difficulty with 
which water wets it. Examine with low and high 
])Owcr. 

Note; — 

a. The i)rimary erect hyj)ha. 

/i. Its division into a number of branches. 

7. The division of the terminal branches by con- 
strictions into a chain of conidia. 1 )raw. 

d. The conidia. 

( 7 , d'heir Size (measure). 

iwrm ; sjffierical. 

Siructiire; cell-wall, protoplasm, vacuole, 
and nucleus. 

Ik Stain different specimens with magenta or hie- 
matoxylin and iodine. 

c. 'freat another specimen with potasli. 

e. The germination of the Conidia, and building up 

of the Mycelium. 

/7. Sow some conidia in Pasteur’s fluid in a watch-glass; 
protect from evaporation, and watch the development 
of the mycelium (examine the surface with a low 
power) ; then the formation of aerial liypha? ; finally 
the production of new conidia. 

h. [Sow Conidia in Pasteur s fluid in a moist chamber, and 
watch from day to day; note the formation of eminences 
at one or more points on a conidium ; the elongation of 
these eminences to form hypha;; tlic branching and 
interlacement of the hypEe.] 
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P). Eurotium Aspergillus-claucus. 

1. Place some apricot jam under a boll-jar and keep 
moist and warm. In a few days the Eurotium will 
probably make its appearance. A crop of conidia 
will first be produced. Neglect these, and look out, 
after some weeks, for the sexual fruits, as described 
in the text. 

2. Mount some of the mycelium and fruits in water, 
and observe first with a low and then with a high 
power. Examine 

i/. 'The mature fruits, d'hese are approximately 
spher’ral in form. Observe the outside of the 
fruit formed of dense cellular tissue. Burst some 
of the fruits by ])ressiire on the coverslip. Observe 
the asci in the interior, each containing eight asco- 
s] lores. 

b. The development of the fruit. Make out tlic 
spirally coiled branch forming the ascogonium, 
and the pollinodium in contact with it. Observe 
the outgrowth of hypha3 from below the asco- 
gonium, to form the envelope of the fruit. 

C. ]Mucor Stolonifer. 

1. Place some bread under a bell-jar and keep very 
moist and warm; in from 24 to 48 liours its surfice 
will nearly always be covered by a crop of erect 
aerial mucor-hyphoe, each ending in a minute en- 
largement {sp 07 'angimn) just visible with the unas- 
sisted eye. 

• 

2. Snip off a few of the hyphoe with a pair of scissors, 
mount in water, and examine with i inch obj. 
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a. Large unbranched hyphee, each ending in a 
spherical enlargement {sporangiiun), 

3. 1‘lxamine with J obj. 

a. The hyphse. 

a. llieir size ; they greatly exceed the hypheC of 
Pcnidlliitm both in lengtii and diameter. 

/)’. Their structure ; homogeneous sac, granular 
])rotoplasm, vacuoles : septa absent exccj)t 
close to the sporangium. 

y. Treat with iodine and magenta or hmma 
toxylin; the protoplasm is stained and nuclei 
may be made out. 

8. 'Pleat anotjier si)ecimen with Schulze’s solu- 
tion; the cell-wall is stained violet. 

b. The sporangia. 

J^^xarnine with I, obj. 

a. Their size and form. 

b. Their structure. 

a. . The homogeneous enveloping sac covered by 
irregular masses of calcic oxalate. 

p. 'J'he^ granular protoplasmic contents : un- 
segmented in some ; divided into a great 
number of distinct oval masses (spores) in 
others. 

y. The projection into the sporangial cavity of 
the convex septum (columella) which separates 
the hypha^from the sporangium. 

8. The collar projecting around the base of the 
columella of burst sporangia. 
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(\ Stain some with iodine; others with Schulzes 
solution, 

c. The spores or conidia. 

(7, Crush some ripe sporangia by gentle pressure 
upon the cover-glass. Pbxamine with J obj. 

a. 'rhe size of the spores {jneasitrc), 

/3. Their form; cylindrical and elongated, 
y. Their structure. 

8. Stain with iodine and magenta or heXuna- 
toxylin. 



XIV. 


S'rONEWORTS {Cham ami Nitella). 

TnKSii water-weeds are not uncommonly found in ponds 
and rivers, growing in tangled masses of a dull green colour. 
Each plant is hardly thicker than a stout needle, but may 
attain a length of three or four feet. One end of the stem 
is fixed in the mud at the bottom, by slender thread-like 
roots, tlie otlier floats at the surface. At intervals, append- 
ages^ consisting of leaves^ branches^ root-filamcnis^ and repro- 
ductive organs, are disposed in circles, or la/iorls. In the 
middle and lower paits of the plant these whorls are dis- 
])Osed at considerable and nearly ecjual distances ; but, 
towards tlie free upper end, the intervals between the whorls 
diminish, and the whorled appendages themselves become 
shorter, until, at the very summit, they are all crowded 
together into a terminal bud, which requires the aid of the 
microscope for its analysis. 

I’hc parts of the stem, or axis, from which the append- 
ages spring are termed nodes ; the intervening parts being 
internodes. When viewed with a hand-magnifier the inter- 
nodes exhibit a spiral striation. 

In Char a, each internode consists of a single, much- 
elongated cell, which extends throughout its wliole length, 
invested by a cortical layer, composed of many cells, the 
spiral arrangement of which gives rise to the superficial 
marking which ha^ been noted. And this multicellular 
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Structure is continued from the cortical layer, across the 
stem, at each node. The stem therefore consists of a series 
of long, axial cells, contained in as many closed chambers 
formed by the small cortical cells. The nodes are the mul- 
ticellular partitions between these chambers. The branches 
are altogether similar in structure to the main stem. The 
leaves are also similar to the stem, so far as they consist of 
axial and cortical cells, but they differ in the form and 
proportions of these cells, as well as in the fact that the 
summit, or free end, of the leaf is always a much-elongated 
pointed cell. The most important distinction, however, 
consists in the fact that the growth of the leaves is limited 
while that of the axis is unlimited. I'he branches spring 
from the re-entering angle between the stem and the leaf, 
which is termed the axil of the leaf; and, in the same 
position, at the fruiting season of the plant arc found the 
reproductive organs. These are of two kinds, the one large 
and oval, the oogonia, the other smaller and globular, the 
anthcridia. Both, when ripe, have an orange-red colour, 
and are seated ui)on a short stalk. 

If a growing plant be watched, it will be found that it con- 
stantly increases in length in two ways. New nodes, inter- 
nodes, and whorls of appendages are constantly becoming 
obvious at the base of the terminal bud ; and these append- 
ages increase in size and become more and more widely 
separated, until they are as large and as far apart as in the 
oldest parts of the plant. The appendages at first consist 
exclusively of leaves and root-filaments (rhisoids), and it is 
only when these have attained their full size, that branches, 
oogonia and anthcridia are developed in their axils. 
Sometimes rounded cellular masses appear in the axils of 
the leaves, and, becoming detached, grow into new plants. 
These are comparable to the If/Ms of higher plants. 
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If the innermost part of the terminal bud, which con- 
stitutes the free end of the axis, or stem, be examined, it 
will be found Jo be formed by a single nucleated cell, 
separated by a transverse septum from another. Beneath 
this last follows another cell, which has already undergone 
division into several smaller cells by the development of 
longitudinal septa. This is the most newly-formed node. 
Below this again is a single cell, which is both longer and 
broader than those at the apex, and is an internodal cell. 
Below it follows another node, composed of more numerous 
small cells than in the first. Some of the peripheral cells 
of this node are undergrowing growth and division, and thus 
give rise to cellular . prominences, which are rudiments of 
the first whorl of leaves. In the still lower j^^trts of the 
stem the internodal cells get longer and longer, but they 
never divide. The nodal cells, on the other hand, multiply 
by division, but do not greatly elongate. l"rom the first, 
the nodal cells overlap the internodal cell, so as to meet 
round its equator, and thus completely invest it externally. 
And, as the internodal cell grows and elongates, the overlap- 
ping parts of the nodes increase in length and become divided 
into internodal and nodal cells, which take on a spiral 
arrangement, and thus give rise to the cortical layer. 

Thus the whole plant is composed of an aggregation of 
simple cells, just as is the case with Hydra among animals; 
and, while it lives, new nodes and internodes are continually 
being added at its summit, or ^ro7ving pomt. The inter- 
nodal cells which give rise to the middle of the stem un- 
dergo no important change, except great increase of size, 
after they are, once formed. The nodal cells, on the con- 
trary, undergo division ^Yith comparatively little increase in 
size. And out of them, the nodes, the cortical layer, and 
all the appendages, are developed. 
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In all the young cells of C/iara a nucleus of relatively 
large size is to be seen imbedded in the centre of the pro- 
toplasm, which is motionless, and is enclosed in a structure- 
less cell-wall, composed of cellulose. As the cell grows 
larger, the centre of the protoplasm becomes occupied by a 
watery fluid, and its thick periphery,, which remains applied 
against the cell- wall, constitutes a sac, or prhnordial utricle^ 
in which the nucleus is embedded. In the larger cells the 
primordial utricle is readily detached and made to shrivel 
up into the middle of the cell by treatment with strong 
alcohol. In the older cells the nucleus breaks up into a 
number of portions. 

Numerous small green bodies — chlorophyll grains — are 
embedded in the outer, or superfic ial, part of the primordial 
utricle, and they increase in number by division, as the 
cell enlarges. These chlorophyll grains are composed of 
protoplasmic matter, which frequently contains starch gra- 
nules, and is impregnated with the green colouring sub- 
stance. 

During life, the layer of the primordial utricle which 
lies next to the watery contents of all the larger cells is in 
a state of incessant rotatory motion, while the outermost 
layer which contains the chlorophyll grains is quite still. 
In the large cells, so long as the nucleus is discernible, it is 
carried round with the rotating stream. 

The anthcridiiwi is a globular spheroidal body with a 
thick wall, made up of eight pieces, wliich are united by 
interlocking edges. The four pieces which make up the 
hemisphere to which the stalk of the antheridium is at- 
tached, are foursided, the other four are triangular. From 
the centre of the inner, concave face of each piece a sort of 
short process, the handle or manubrium^ projects into the 
cavity of the hollow sphere. At the free end of the manu- 

28 
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brium is a rounded body, the capitidiim^ which bears six 
smaller secondary capitida ; and each secondary capiluliim 
gives attachment to four long filaments divided by trans- 
verse partitions into a multitude (loo to 200) of small 
chambers. 'Fhus, there may be as many as 20,000 to 
40,000 chambers in each antheridinni (8x6x4x100 or 
X 200). The several ])icces of whicli the wall of the an- 
theridiiim is composed, the manubria, the capitula, tlie 
secondary capitula and the chambers of the filaments are 
all more or less modified cells, as may be proved by tracing 
the antheridia from their earliest condition, as small pro- 
cesses of the nodal region, to their complete form. The 
cells of the filaments arc, at first, like any other cells; but, 
by degrees, the nucleus of each becomes changed into a 
thread-like body, thicker gt one end than at tlie other, and 
coiled spirally like a corkscrew. From tlie thin end two 
long cilia proceed ; and, when the cells have burst, and the 
spermato/.oids are set free, they are propelled rapidly, with 
the small end forwards, by the vibration of the cilia. I'hese 
spermatozoids answer to the spermatozoa of animals, and 
represent the male element of Chant. 

The oogonia arc borne upon short stalks, the end of 
ivhich supports a large oval central cell or ovum; five 
spirally-disposed sets of cells invest this, an aperture being 
left between the investing cells at the apex of the oogonium. 
When the antheridia attain maturity they burst, the sper- 
matozoids are set free, and swarm about in the water. Some 
of them enter the ajierture of the oogonium, and, in all 
probability, pierce the free summit of the oval central cell, 
and enter its protoplasm ; but all tlie steps of this process 
of impregnation have not been worked out. The result, 
however, is, that the contents of the impregnated central 
cell now called the oospore become full of starchy and oily 



STONEWORTS. 


435 


XIV.] 

matter ; the spiral cells forming its coat acquire a dark 
colour and hard texture, and the oogonium, detaching itself, 
falls into tlie mud. 

After a time the oospore germinates ; a tubular process, 
like a hypha, i)rotrudes from it through the aperture between 
the investing cells and almost immediately gives off a branch, 
which is the first root. The tube elongates, and becomes 
divided transversely into cells, the protoplasm of whicli 
dcvclopes chlorophyll. Very soon, the further growth of 
this pro-emhryo is arrested. But one of the cells, which lies 
at some distance below the free end of the pro-embryo, 
undergoes budding, and gives rise to a set of leaves (which 
are not arranged in a whorl), amidst which a bud appears, 
which has tlie structure of the terminr^ bud of the adult 
Chara stem, and grows up into a*new C7iara-YA?LnL 

AVe have then, in Chara ^ a plant which is acrogenous (or 
grows at its summit), and which becomes segmented by the 
development of appendages, at intervals, along an axis; 
which multiplies, asexually by bulb- like buds, and also 
multiplies sexually by means of the spermatozoids (male 
elements) and central cells of the oogonia (female elements) ; 
in which the first product of the germination of the oospore 
is a simple filament, from which the young Chara is de- 
veloped by the germination and growth of one cell ; so that 
there is a sort of aKernation of iicncpations^ though the 
alternating forms are not absolutely distinct from one 
another. 

Chara flourishes in pond-water under the influence of 
sunlight, and by the aid of its chlorophyll CO^ is decom- 
posed, so that its nutritive processes must be the same as 
those of Protococcus. From its complete immersion, and the 
absence of any duct-like, or vascular tissues, it is probable 
that all parts absorb and assimilate the nutriment contained 
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in the water ; and that, except so far as the reproductive 
organs are concerned, there is a morphological differentia- 
tion of organs, unaccompanied by a corresponding phy- 
siological differentiation. 

Nitella is a rarer j)lant than Chara^ and is simpler in 
structure, its axis being devoid of the cortical layer. In 
other respects, however, it is very similar to Chara, and its 
structure is more easily made out 

[The CharactYc^ or plants belonging to the genera Cham and 
Nitella^ are found in all parts of the world, and belong to the 
class of which also includes the sea-weeds.] 


LABORATORY WORK. 

f 

A. Naked-eye characters. 

Note the slender elongated axis {stem) ; the whorled 
appendages {leaves) \ the nodes and inteniodes ; the shortening 
of the latter towards the apex of tlie stem ; the rhizoids. 

a. The roots ; small; serving chiefly for attachment, 
the plant getting most of its nutrition, through 
other parts, from matters dissolved in the water. 

b. The leaves ; their sub-divisions {leaflets) ; their 
form, size, &c. 

c. 7he oche;onia and antheridla ; their position, 
size, form, colour. 

Draw a portion including two or three internodes. 

B. Histologicat. strlxture. 

a. The stem. 

I. Examine the oiits'de of a fresh internode with a low 
power, or pocket lens, to see the spirally-arranged 
cortical cells. 



XIV.] STONEWORTS. 437 

2. Hold a bit of fresh stem between two pieces of elder- 
pith or embed it in paraffin, and, with a sharp razor, 
cut thin transverse and longitudinal slices through 
nodes and internodes. Note the cavity of the large 
central infcniodal cell; the cortical cells, round the 
internodal cell ; the 7 iodal cells, and the interruption 
of the central cavity at the nodes. 

3. Examine similar sections in specimens treated with 
spirit, and also preparations made by teasing or jjress- 
ing out in glycerine bits of stem from cliromic acid 
{p'2 per cent.) preparations: make out in these, — 

a. Hie nodal, internodal, and cortical cells. 

/ 3 . The wall, protoplasmic layer {primordial 
utricle)^ nucleus, and va*ciiolc of each cell. 
(The nucleus will have undergone fragmenta- 
tion in tlie older cells.) 

4. Examine sections from the fresh stem to make out 
tlie points detailed in 1 >. a. 3. p. The protoplasm 
and nucleus are difficult to see. Note the chloro- 
phyll-granules. (See B. b. y.) 

5. Stain sections of the fresh stem with iodine, and 
magenta: note the results. 

b. The leaves. 

hk^amine fresh and chromic acid specimens. 

a. The large uncovered terminal cell. 

ji. Then a series of internodal cells, separated 
from one another, and covered-in, by nodal 
cells : the sac, protoplasm, nucleus, and vacuole 
of each. 

y. The oval chlorophyll-gra?itdes^ arranged so as 
to leave an oblique uncoloured band round 
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each cell; the position of these granules, in 
the more superficial layer of the protoplasm. 

S. The protoplasmic movements (see C. cr.), 

c. The terminal bud. 

Dissect out chromic acid specimens as far as pos- 
sible with needles, and then press gently out in 
glycerine. Note in different specimens — 

a. The ici'minal or apical cell: 

a. Its form : hemispherical, tlie rounded surface 
free ; the flat surface attached to the cell 
below it. 

/3. Stnicture : sac, protoplasm, nucleus ; no vacuole 
present. 

y. Sometimes two nuclei, preliminary to division. 

S. Its mode of division; across the long axis of 
the stem, giving rise to two superimposed 
nucleated cells. 

b. The further fate of the iww cells derived from 
the segments of the terminal cell; work back in 
your specimens from the terminal cell. 

tt. The new cells are successively nodal and ////<?/'- 
nodal pxXv:: latter enlarge, develope a large 
vacuole, and ultimately form the medullary 
cells of the internodes; they never divide. 

/?. The nodal cells divide freely, and do not 
increase much in size ; they give origin to the 
nodes and the cortical cells. 

c. The da^elopment of leaves: by the multiplication 

and outgrowth of nodal cells. 
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if. Their growth at the base, the terminal leaf-cell 
soon attaining its full size and not dividing. 

The development of brandus ; from nodal cells 
in leaf-axils, whicli take on the character of ter- 
minal cells. 

d. The oogonia. 

Examine fresh, under a low power. 

a. Made up externally of hve twisted cells, bearing 
at their apices five smaller, not twisted cells. 

p. Cut sections from embedded specimens, and 
examine with a high power : make out the 
large central nucleated cell or ovum; the fatty 
and starchy matters contained in it ; stain 
with iodine. 

y. ITess out chromic acid specimens in glycerine; 
make out the above points (d. a, /3), 

S. ]!^xaminc chromic acid specimens for young 
oogonia, and press them out in glycerine: 
make out in the youngest the five roundish 
cells surrounding a central one; then in older 
specimens the elongation, and twisting of the 
external cells^and the separation of their apices 
as five distinct cells. 

e. The antheridia. 

o. Examine, with a low power, a ripe (orange- 
coloured) one. 

a. Make out its external dentated cells. 

[3. Tease out a ripe antheridium in water ; and 
examine with a high power; note the flat, 
dentated, nucleated external cells ; the cylin- 
drical cell {fnanubriiun) springing perpendicu- 
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larly from the inner surface of each; the 
roundish cell {capituliim) on the inner end of 
the manubrium ; the six secondary capittda 
attached to the capituliim ; tlie threaddikc 
filaments (usually four) proceeding from each 
of the secondary capitula. 

y. structure of these threads; each consists 

of a single row of cells, containing in unripe 
specimens nucleated protoplasm ; in older 
specimens each contains a coiled-up spcrniato- 
zoiiL 

2'hc spermaiozoids (or antherozoids). 
tt. 'J'heir form and structure; thickened at one 
end and granular; tapering off gradually to- 
wards the other end, which is hyaline and 
has two long cilia attached to it. 

/?. 'J'he movements in water of rii)e spermato- 
zoids. 

[Sometimes Chara cannot be obtained, when Ni- 
tclla, another genus of the same Natural Order, and 
of similar habit and structure, can. Nearly all the 
points above described for Chara can be made out 
in Nitella, with the following differences : the cortical 
cells of the stem and leaves are absent, and, in the 
commoner species, the plant is not hardened by cal- 
careous deposit ; the branches arise, not one from a 
whorl of leaves, but two ; and the five twisted cells of 
the spore-fruit arc each capped by two small cells, 
instead of one.] 

C. Protoplasmic movements in viigetable cet.ls. 

a, Chara. Take a vigorous-looking fresh Chara or 

Nitella cell (say the terminal cell of a leaf), and 
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examine it in water with a high power. Note 
the superficial layer of protoplasm in which the 
cliloroiihyll lies ; it is stationary : focus through 
this layer and examine the deeper one; note 
the currents in it, marked by the granules they 
carry along : their direction ; in the long axis 
of the cell, up one side and down the other, 
the boundary of the two currents being marked 
by the colourless band, in which no movements 
occur. I'ry to find the nucleus ; it has usu- 
ally undergone fragmentation in cells in which 
currents have commenced. The original nu- 
cleus 01 the products of its division are passively 
('arried along by the currents. Sometimes it 
is very difficult, on account of the incrustation 
of the leaf-cells of Chara, to make out the proto- 
l)ldsmic movements in them; if this is found to 
be the case, the manubrial cells from an anthe- 
ridium should be used instead. 

h. Tradescantia. Examine in water, with a high 
power, the hairs which grow upon the stamens: 
they consist of ajow of large roundish cells, each 
with cell-wall, protoplasm, nucleus, and vacuolar 
spaces. Note the protoplasm; partly forming 
a layer {primordial iitricu) lining the wall and 
heaped up round the nucleus, and partly form- 
ing bridles running across the cell in various 
directions from the neighbourhood of the nu- 
cleus,, and from one part of the protoplasm to 
another; observe the currents in these bridles; 
from the nucleus in some, towards it in 
others. 
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Vallisneria. Take a leaf beginning to look old; 
split it into two layers with a sharp knife and 
mount a bit in water; examine with a high 
power. Note the larger rectangular cells, be- 
longing to the deeper layers, with well-marked 
currents in them, which carry the chlorophyll 
j;ranules round and round inside the cell-wall. 

If no currents are seen at first, gently warm 
the leaf by immersing it for a short time in 
water heated to a temperature between 30^ and 
35 ^^ C. 

Anacharis*. 'J'akc a yellowish-looking leaf: 
mount in water and examine with a high power; 
the phaiomena observed arc like those in Val- 
lisneria. 'riiey are best observed in the single 
layer of cells at the margin of the leaf. 

Nettle-hair. Mount an uninjured hair in water 
with the bit of leaf to which it is attached 
(it is essential that the terminal recurved part 
of the large coll forming the hair be not broken 
off); examine with the highest available power: 
currents carrying along very fine granules will 
be seen in the cell, their general direction being 
that of i^s long axis. 


Also called Jilodca^ 



XV. 


THE BRACK1<:N fern {Picris aquilina). 

The conspicuous parts of this plant are the large green 
leaves, or fronds^ wliich rise above the ground, sometimes 
to the height cf five or six feet, and consist of a stem-like 
axis or rachis^ from which transversely, disposed offshoots 
proceed, these ultimately subdividing into flattened leaflets, 
the pinnules. The rachis of each frond may be followed for 
some distance into the ground. Its imbedded portion ac- 
(piires a brown colour, and eventually ])asses into an irre- 
gularly branched body, also of a dark-brown colour, whicli 
is commonly called the root of the fern, but is, in reality, a 
creeping underground stem, or rhizome, h'rom the surfaco 
of this, numerous filamentous true roots are given off. 
Traced in one direction froip the attachment of the frond, 
the rhizome exhibits the withered bases of fronds, developed 
in former years, which have died dd^m; while, in the 
opposite direction, it ends, sooner or later, by a rounded 
extremity beset with numerous fine hairs, which is the apex, 
or growing extremity, of the stem. Between the free end 
and the fully formed frond one or more processes, the rudi- 
ments of fronds, which will attain their full development in 
following years, are usually found. • 

The stem branches in two ways; ist by apparent dicho- 
tomy of the terminal growing point, and 2 nd by the forma- 
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lion of adventitious buds. The latter are produced singly 
on the dorsal side of the leaf-stalks, near the base. 

The attachments of the fronds are nodes, the spaces 
between two such successive attachments, internodes. It 
will be observed that the internodes do not become crowded 
towards the free end, and there is nothing comparable to 
the terminal bud of Chara with its numerous rudimentary 
appendages. 

AMien the fronds have attained their full size, the edges 
of the ])innules will be observed to be turned in towards 
the underside, and to be bordered by a fringed membrane 
called the indiisinm^ which roofs over the groove enclosed 
by the incurved edge. At the bottom of the groove brown 
granules are aggregated in large numbers, so as to form a 
streak along each side of the ])innule. The granules are the 
sporangia^ and the streaks formed by their aggregation, the 
son. 

Examined with a magnifying glass, each spom?igiHm is 
seen to be pouch-sliaped, like two watch-glasses united by 
a thick rim. When ripe, it has a brown colour, readily 
bursts, and gives exit to a number of minute bodies which 
are the spores. 

The plant now described is made up of a multitude of 
cells, having the same morphological value as those of 
Chara, and each c^^nsisting, at least when young, of a pro- 
toplasmic mass, a nucleus and a cellulose wall. These cells, 
however, become very much modified in form and structure 
in different regions of the body of the ])lant, and give rise 
to groups of structures called tissues, in each of which the 
cells have undergone special modifications. These tissues 
are, to a certain extent, recognizable by the naked eye. 
Thus, a transverse section of the rhizome shews a circum- 
ferential zo?ie of the same dark-brown colour as the external 
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epidermic; ^ enclosing a white groimd-siihstance^ interrupted by 
variously disposed hands^ patches^ and dots^ some of which 
are of the same dark-brown hue as the external zone, while 
others are of a pale yellowish-brown. 

The dark-brown dots are scattered irregularly, but the 
greater part of the dark-brown colour is gathered into two 
narrow bands, which lie midway between the centre and 
the circumference. Sometimes the ends of these bands are 
united. Enclosed between these narrow, dark-brown bands 
are, usually, two elongated, oval, yellowish-broAvn bands; 
and, outside them, lie a number of similarly coloured 
patches, one of which is usually considerably longer than 
the others. 

A longitudinal section shews that each of these patches 
of colour answers to tlie transverse section of a band of 
similar substance, which extends throughout the whole 
length of the stem ; sometimes remaining distinct, some- 
times giving off branches which run into adjacent bands, 
and sometimes uniting altogether with them. 

At a short distance below the apex of the stem, however, 
the colour of all the bands fades away, and they arc trace- 
able into mere streaks, which finally disappear altogether in 
the scmi-trans])arent soft tjssiie which forms the growing 
end of the stem. Sulimittcd to inicroscojiic examination, 
the white ground-substance is seen to i^;onsist of large poly- 
gonal cells^ containing numerous starch granules ; this tissue 
is called the groundparaichyma. The circumferential zone 
is formed of somewhat elongated cells, containing little or 
no starch, the thick walls of which have acquired a dark- 
brown colour. These cells constitute the hypoderina. The 
dark-brown bands, on the other hand, consist of cells which 
are so much elongated as almost to deserve the name of 
fibres. Their Avails are very thick, and of a deep-brown 



446 ELEMENTARY BIOLOGY. [CHAP. 

colour ; but the thickening has taken place unequally, so as 
to leave short, obliquely directed, thin places, which look 
like clefts and are called pits. This tissue is termed sclere7i- 
chyma, "J"he yellow bands, lastly, are vascular bundles. 
Each bundle is surrounded on the outside by a layer of 
rather thick-walled, elongated, parallebsidcd cells, con- 
stituting the bundle-slicatli. The bundle itself consists of 
two main })arts \ a central ])ortion, constituting the xylcni or 
wood^ and a i)eripheral portion \vhich is the phloem or bast. 
Lundies of this structure, in which the xylem is surrounded 
by the ])hloem, are termed concentric. The xylem consists 
chiefly of I'cssels^ many of them of relatively large size. They 
are derived from cells, the transverse walls between which 
have been partially broken down. In the mature vessels 
the protoplasmic contents, have entirely disai)peared ; they 
only contain water or air. Their walls are greatly thickened, 
the thickening having taken place along equidistant trans- 
verse lines, the thin spaces left bet\veen them being the 
pits. The vessels have become flattened against one another, 
by mutual pressure, so that they arc five- or six-sided ; and, 
as the markings of their flattened walls simulate the rounds 
of a ladder, they have been termed scalariform ducts or 
vessels. The cavities of these scalariform ducts are divided 
at intervals, in correspondence with the lengths of the cells 
of which they are ipade up, by oblicpie, often perforated, 
partitions. Among the smaller vessels, a few will be found, 
in which the thickening forms a closely wound spiral. 
These are spiral 7'essrls. They usually occur in two groups, 
and as they are the first elements of the xylem to be differ- 
entiated, they arc said to constitute the protoxylem of the 
bundle. Among the vessels a few parenchymatous cells 
containing starch are scattered. The phloem is at once dis- 
tinguished from the xylem by the smaller average size of its 
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cells, and their thinner walls. The most conspicuous elements 
of the phloem arc tlie sia^e-tubes, which consist of long cells, 
the lateral walls of which show groups of minute perforations. 
The outer layer of the pliloem is formed of long narrow cells, 
with comparatively thick walls. T'hese cells are developed 
before the rest, and arc hence termed the protophlocm. Be- 
tween the phloem and the bundle-sheath is a layer of paren- 
chymatous cells containing starch, termed the phloem- 
sheath. 

The rachis of a frond, so far as it projects above the 
surface of the ground, is of a bright green colour ; and, in 
transverse section, it presents a green ground-substance, 
interrupted by irregular paler markings, which are the trans- 
verse sections of longitudinal bands of a similar colour. 
There are no brown si)Ots or bands. Examined micro- 
scopically, the ground-substance is found to be composed 
of polygonal cells containing chloroi)hyll. These are in- 
vested superficially by an epidermis^ (‘omposed of elongated 
cells. The pale bands are vascular bundles, of similar 
structure to those in the stem, with whicli they are con- 
tinuous. 

The vascular bundles, the green parenchyma, and the 
epidermis are continued into each pinnule of the frond. 
The epidermis retains its ordinary character on the upper 
side of the pinnule, except that the opntours of its com- 
ponent cells become somewhat more irregular. On the 
under side, many hairs are develoi)ed from it, and the 
cells become singularly modified in form, their walls being 
thrown out into lobes, which interlock with those of adja- 
cent cells. 

Between certain epidermal cells an oval space is left, 
forming a channel of communication between the interior 
of the frond and the exterior. The opening of this space 
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is surrounded by two kidney-shaped cells, the concavities of 
which are turned towards one another, while their ends are 
in contact. The opening left between the applied concave 
faces is a stoma, and the two cells are the guard-cells, and, 
as the stomata are present in immense numbers, there is a 
free communication between tlie outer air and the inter- 
cellular passa^e^cs which exist in the substance of the frond. 
Those cells of the green parenchyma of the frond whicli 
form the inferior half of its thickness, in fact, are irregularly 
elongated, and frequently produced into several processes, 
or stellate. They come into contact with adjacent cells 
only by comparatively small parts of their surfaces, or by 
the ends of these processes. They thus bound passages 
between the cells, intercellular passages, which arc full of 
air, and arc in communication with similar, but narrower, 
passages, which extend throughout the substance of the plant. 

'J'he vascular bundles break up in the ])innules, and 
follow the course of the so-called veins, which are visible 
‘tipon its surface : ducts being continued into their ultimate 
ramifications. 

The growing point of the stem terminates in a single 
apical cell, by the divisions and subdivisions of which all the 
tissues of the stem and leaves are formed. 

Each root presents an outer coat of cj)idermis, bearing a 
number of unicellular root-hairs, and enclosing parenchy- 
matous and sclerenchymatous tissues traversed by a central 
vascular bundle. The latter contains the same elements as 
are found in the bundles of the stem, but the xylem and 
phloem have a different arrangement The roots, like the 
stem, develop by means of an apical cell at the growing 
point, but this is not skuated at the extreme end of the 
organ, as the growing point of the rhizome is, but is covered 
by a root-cap of protective cells. 



• XV.] 


THE BRACKEN FERN. 


449 


The nutrition of the Fern takes place essentially as in 
the other chlorophyll-containing plants previously con- 
sidered. The root-hairs constitute the organs for the ab- 
sorption of water and dissolved salts. As regards the 
vascular bundles, the xylem has been found to be the tissue 
in which the water is conducted to the leaves, while the 
]>hloehn serves for the transference of assimilated food, 
especially proteids, from the leaves to all ])arts of the plant. 

Passing on to the reproductive organs, the sporangia have 
first to be considered. The study of their development has 
shown that each sporangium arises from the growth and 
subdivision of a single epidermal cell of the leaf. The 
sporangium consists of the pouch-shaped head above de- 
scribed, which is borne on a short stalk. The interior of 
the former part is occupied by .the spores, usually 64 in 
number, which are formed by the division into four of six- 
teen mother-cells. The thick rim of the sporangium (called 
the anmilui) consists of a row of thick-walled cells ex- 
tending from the stalk over the top of the sporangium. Th? 
annulus contracts in dry weather and thus tears the spo- 
rangium open, setting the spores free. Each of the latter is 
a single cell, and the outer layer of its wall is strongly cuti- 
cularized. 

When the spores are sown upon damp earth, or a tile, or 
a slip of glass, and kept thoroughly n^ist and warm, they 
germinate. Each spore bursts its outer wall and gives rise 
to a tubular filamentous prolongation, the protoplasm of 
which contains chlorophyll-grains. At the base of this a 
similar but colourless process, the first root-hair^ is de- 
veloped. The green filament at first undergoes transverse 
division, so that it becomes converted into a series of cells. 
Then, the cells at its free end divide longitudinally, as well 
as transversely, and thus give rise to a flat expansion, which 
M. 29 
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gradually assumes a bilobed form, and becomes thickened 
in its middle part by division of its cells in a direction 
parallel to its surface. The thickened portion is termed 
the cushion. Numerous colourless, unicellular root-hairs 
are given off from tlie under surface of the little plant, 
which is called a proihallus or prothallium^ and attach it to 
the surface on which it grows. 

The i)rothallus attains no higher development than this, 
and does not directly grow into a fern such as that in wliich 
the spores took their origin ; but, after a time, rounded or 
ovoidal elevations are developed, by the outgrowth and 
division of the cells which form its under surfice. These 
bodies are of two kinds, the anthcridia and archego7iia. In 
the former, which may be developed on any part of the 
under side of the'prothallus, tlie nucleus of each of the 
cells contained in their interior is converted into a sperma- 
tozoid somewhat similar to that of Chai'a^ but provided 
with many more cilia. I'he antheridium bursts, and the 
spermatozoids set free from their containing cells are pro- 
pelled through the moisture on the under surface of the 
prothallus by their cilia. 

The processes of the second kind, the archegonia, acquire 
a more cylindrical form. The outside of the organ is formed 
of a single layer of cells, which are persistent, but those 
which are situated jn the axis of the archegonium all dis- 
appear with the exception of that which lies at the bottom 
of its cavity. This is the ovtwi or oosphere^ and when the 
archegonium is fully formed, a canal leads from its summit 
to this cell. The spermatozoids enter by this canal, and 
impregnate the ovum. 

The ovum now begins to divide, and becomes converted 
into eight cells, which give rise to the stem, leaf, root and 
foot^ of the fern-plant, the foot being the organ by which 
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the embryo is attached to the prothallus and derives food- 
supplies from it. 

As the rhizome grows, and developes its fronds, it rapidly 
attains a size vastly superior to that of the prothallus, which 
at length ceases to have any functional importance, and dis- 
appears. 

Thus Pteris presents a remarkable case of the alternation 
of generations. The large and complicated organism com- 
monly known as the ‘Fern^ is the product of the impreg- 
nation of the ovum by the spermatozoid. This ‘Fern,’ 
when it attains its adult condition, developes sporangia; 
and the inner cells of these sporangia give rise, by a perfectly 
asexual fissive process, to the spores. The spores when set 
free germinate; the product of that germination is the in- 
conspicuous and simply cellular prothallus ; an independent 
organism, which nourishes itself and grows, and on which, 
eventually, the essential organs of the sexual process — the 
archegonia and antheridia — are developed. 

Each im])regnated ovum produces only a single ‘fern/ 
but each ‘fern’ may give rise to innumerable prothalli, 
seeing that every one of the numerous spores developed in 
the immense multitude of sporangia to which the frond gives 
rise, may germinate. 


LABORATORY WORK. 

A. The Fern-plant; asexual generation. 

a. External characters. 

a. The brown underground stem or rhizome^ with 
a lighter band (the lateral line) running along 
each side of it ; its nodes and internodes. 
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b. The roots springing from the rhizome. 

c. The leaves or fronds arising from tlie rhizome at 
intervals, along the lateral lines. 

tt. The great amount of subdivision of the frond : 
its main axis (rae/ils); the primary divisions or 
finnce ; the ultimate divisions or pinnnles, 
ft. The sort; small brown patches along the 
margin of the under surface of some of the 
pinnules. 

y. The indusitim or membrane covering the 
.sorus. 

d. The 7iodcs and infct'nodes of the rhizome. 'J’he 
naked growing point at its extremity. 

b. The rhizo&e. « 

1. Cut it across and draw the section as seen with the 

naked eye. 

a. 'Phe outer brownish layer (epidermis and hypo- 
derma) \ the latter thins aways somewhat oppo- 
site the lateral lines. 

b. The yellowish-white substance (gt'otind-substancc 

or parenchynut) forming most of the thickness of 
the section. ^ 

c. The internal incomplete brown ring (sclcrcnchyma) 
imbedded in the parenchyma. 

d. The small patches of sclcrcnchyma scattered 
about in the parenchyma outside the main 
sclerenchymatous ring. 

fT. The yellowish tissue iyoascular biatdles) lying in- 
side and outside the ring of sclcrcnchyma. 

o 

2 . Cut a longitudinal section of the rhizome ; make out 

on the cut surface b. a, b, c, tf, e. 
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3. Cut a thin transverse section of the rhizome, mount 

in water and examine with i inch obj. 

a. The single layer of much thickened epidermal 
cells. 

A The small opaque angular contours of the 
. hypodermal cells (external sclerenchyma), 

c. I'he large polyhedral more transparent paren- 
chymatous cells. 

d. The small opaque angular contours of the cells 
of the internal sclerenchyma. 

i\ The great openings of the vessels in the fibro- 
vascular bundles. 

Draw the section. 

4. Examine with ~ obj. 

a. The epidermis: its thick-walled cells. 

Ik 'V\\q parenchyma : its large thin-walled cells : their 

wall, protoplasm and nucleus : the great number 
of starch granules in them. 

t. The various patches of sclerenchyma^ made up of 
thick-walled angular cells. 

d. The vascular hu^idles. Note in each : — • 

a. Outside, a single layer of cells with brownish 
walls, containing no starch granules (bzindle 
sheath), 

p. Within the bundle sheath a layer of small 
parenchymatous cells containing starch (mter 
or phloejn sheath), 

y. Within the last layer comes the hast of the 
bundle (phloem) consisting of — externally, two 
or more layers of small rectangular cells with 
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thickened walls {protophloem) and then a 
single row of large thin-walled cells {sieve- 
tubes or bast vessels) between which lie smaller 
ihin-walled cells containing starch granules 
{bast parenchyma). 

The whole of the space within the phloem 
is occupied by the .xy/em or 7 aoo^l, Note the 
greatly thickened walls of its large vessels, and 
their central cavity containing no protoplasm ; 
the groups (usually two in number) of much 
smaller vessels {protoxylem ) ; scattered here 
and there, in the spaces between the angles 
of the vessels, note the small parenchymatous 
cells (^vood parenchyma) containing starch 
granules. • 

c. treat with iodine : observe the protojdasm 
stained brown ; the starch granules deep blue, 
rendering some of the cells quite opaque and 
almost black-looking; the cell-walls of the 
\y\ein light brown. 

Cut a thin longitudinal section of the stem and 
examine with i inch and then with J obj. Make 
out the various tissues described in 3 and 4. 

a, Ihe epide/^nls, hypoderma and parenchyma^ much 
as in the transverse section, except that the 
hypodcrmal cells are longer. 

Ik 1 he sclerenchyma is seen to be made up of greatly 
elongated cells, tapering towards each end. 

The vascular bundles; note in them 

a. The cells of the bundle sheath and of the 
phloem sheath much as in the transverse 
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section but longer; the protophloem cells, 
elongated, with thickened walls ; the cells of 
the bast parenchyma somewhat elongated; 
the relatively large sieve tubes^ of great length 
with oblique ends ; their lateral walls marked 
by irregular groups of minute pores. 

/^. The vessels of the xylem: elongated tubes 
])resenting oblique perforated partitions, at 
long intervals. Two forms of vessels will be 
seen, viz. scala7‘iform vessels^ with regular 
transverse thickenings on their walls and 
smaller spiral vessels (protoxylem), less nume- 
rous than the last form, with a continuous 
spiral thickening on their walls. Among the 
vessels the s(iuare»ended cells of the c<yle?n- 
parenchyma will be recognised. 

6 . By macerating in Schulze’s mixture (see Appendix E) 
the various cells and vessels may be isolated one from 
another, and their form better observed. 

7 . By making a series of transverse sections from the 
growing end of a stem the gradual development of the 
various forms of tissue from the originally uniform 
parenchyma {/neris/em) of the growing point, may be 
traced. If a section through the actual apex be obtained 
i<- will be possible to make oift the relatively large, 
wedge-shaped apical cell, 

c. The leaf. 

I. Hold a small piece of a barren leaflet in pith or imbed 
it in paraffin and cut a thin vertical section at right 
angles to one of the veins. 

Observe with low and high power 

a. The epidermis of the upper and lower surface. 
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h. The mesophyll, the cells of which contain chloro- 
phyll'grains in large numbers. 
c. The transverse sections of the vascular bundles. 

Slice off the epidermis from the under side of a leaflet. 
Mount in water and observe with a high power 
a. the ordinary cpidc7-mal cells of irregular form, 

Ik the liairs^ 

c, the stotnaia^ each stoma with its two kidney-shaped 
guard-cells. 

d. The root. 

Examine the tip of an uninjured root with a lens ; note 
the relatively large 7Vot-cap covering the end of the 
root. 

Make a transverse section of a mature root held in 
elder-pith, or imbedded in paraffin. Note, under a low 
power, 

a. the epidermis with its 7‘ootdiairs^ 

Ik the cortex consisting of piVLiichyma towards the 
outside, and of very thick-walled scl€rc7icliy77ta 
nearer the centre, 
c. the central vascular bundle. 

e. The reproductive organs. 

kLxaminc a so7'us with a lo\v power without a cover- 
glass. It is ctgiiposed of a great number of minute 
oval bodies, the sporaiigluy roofed ii\ by the hidusinm. 

Scrape off some sporangia and mount in water : ex- 
amine with 1 inch obj. 

a. Their for)n : they arc oval biconvex bodies 
borne on a short stalk. 

b. Thetr struct U7'e: composed of brownish cells, one 
row of which has very thick walls, and forms a 
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marked ring {a7inulus) round the edge of the 
sporangium. 

r. Their mode of dehiscence (look out for one tliat 
has opened) : by a cleft running transversely 
across the sporangium. 

3. Burst open some sporangia by pressing on the cover- 
glass : examine, with J obj., the spores which are set 
free. 

a. Their size : measure. 

Ik llieir form : somewhat triangular. 

[c. Their structure : a thick outer coat, a thin inner 
coat, protoplasm, and a nucleus : crush some by 
pressure on the cover-glass.] 

B. The Prothali.us; sexual r.KNERArioN. 

Prothalli may be obtained by sowing some spores on 
peat and keeping them ^varm and very moist for about three 
months. They are small deep green leaf-like bodies. 

a. The Prothallus. 

I. Transfer a ])rothallus to a slide, and mount it in water 
with its under surface uppermost. Examine with i 
inch obj. 

a. Its form : a thinlcidney-shaped expansion from 
which, especially towards jts convex border, a 
number of slender filaments [root-hairs) arise. 

Ik Its structure, 

a. The leafy expafismi : it consists throughout 
most of its extent of a single layer of polyhe- 
dral chlorophyll-containing cells, but at a part 
(the cushiofi) a little behind the depression 
marking the growing point it is several cells 
thick. 
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13. 21ie root-hairs: each composed of a single 
cell which contains no chlorophyll. 

The antheridia and archegonla : the former can 
just be seen with an inch objective as minute 
eminences on the under surfice of the older 
parts of the prothallus especially ai\iong the 
root-hairs; the latter are partly imbedded in 
the cushion. 

b. The reproductive organs. 

These are to be found by examining the under surface of 
llie prothallus with \ obj. 

1. The antheridia. Most numerous near and among the 
root-hairs. 

a. 'Their form : small hemispherical eminences. 

l>. Their structure: made up of an outer layer 
of cells containing a few chlorophyll-granules, 
through which can be seen, according to the 
stage of develoi)ment, either a single central cell., 
or a number of smaller cells {mother-cells of 
spermatozoids) resulting from its division : in the 
latter cells, in ripe antheridia, spirally coiled 
bodies {:permatozoi^s) can be indistinctly seen. 

2 . The spcrmatoJbids. 

Some of these are sure to be found swimming about 
in the water if a number of ripe prothalli are examined. 

a. Small bodies, coiled like a corkscrew, thick at 
one end, and tapering towards the other, which 
has a number of cilia attached to it. To the 
thicker end of the spermatozoid is often attached 
a rounded mass containing colourless granules. 
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h. Treat with iodine ; this stains them and stops 
their movements, so that their form can be more 
distinctly seen. 

The archegotzia. Make vertical sections of the pro- 
thallus ])assing through the cushion; this is best 
dope wliile holding it between two ])ieces of pith. 
Note in the archegonia — 

a. Their form: chimney-shaped eminences with a 
small aperture at the apex. 

b. Tiicir siriiciuzr. Each is composed of a layer 
of transparent cells containing no chlorophyll, 
arranged in four rows, and surrounding a central 
cavity which extends into the cushion formed by 
the thickened part of |he pfothallus (a. i. b. a). 
Tn this cavity lies, in young specimens, a large 
nucleated granular central cell, witli two or three 
smaller granular cells {neck canal-cclh) above it 
in the narrow upper part of the cavity ; in older 
specimens this upper part is empty, forming a 
canal leading down to the central cell. The 
latter has now divided into two ; the upper 
smaller cell resulting from its division forming 
the ventral whicli becomes disorganized, 
while the larger lower cell is j;he ovn?n or oospherc. 

l^xamine a young fern-plant in connection with its 
prothallus, to the lower side of which it is attached 
by means of the foot. 
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THE BEAN-PLANT {Fiaa Fabay 

In this, which is selected as a convenient example of a 
Flowering Plant, the same parts are to be distinguished as 
in the Fern; but the axis is erect and consists of a root im- 
bedded in the earth and a stem which rises into the air. The 
appendages of the stem are leaves^ developed from the op- 
posite sides of successive nodes; and the internodes become 
shorter and shorter towards the summit of the stem, which 
ends in a terminal huJ. Buds are also developed in the 
axils of the leaves, and some of them grow into branches, 
which repeat the characters of the stem; but others, when 
the plant attains its full development, grow into stalks which 
support the flowers ; each of which consists of a calyx^ a 
corolla, ten stamens and a central pistil; the latter is ter- 
minated by a style, the free end^of which is the stigma. 

The flower-stalks are modified branches, and the flower 
itself consists of sevcsal whorls of modified leaves. 

The stamens form a tube which ends in ten filaments, 
four of which are rather shorter than the rest ; and the fila- 
ments bear oval bodies, the anthers, which, when ripe, give 
exit to a fine powder, made up of minute pollen grains, each 
of which is a single cell. The pistil is hollow; and, attached 
by short stalks along the ventral side of it, or that turned 
towards the axis, is a longitudinal scries of minute bodies, 
the ovules. Each ovule consists of a central conical nucellus, 
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invested by two coats, an outer and an inner. Opposite 
the summit of the nucellus, these coats are perforated by 
a canal, the inicropyle,^ which leads down to the nucellus. 
One of the cells of the nucellus is very much larger than 
the rest 3 this is called the embryo-sac. In its interior several 
smaller cells are developed, the most important of which 
is the ovum or oosphere^ which lies at the end of the embryo- 
sac towards the micropyle. When the pollen is deposited 
on the stigma the grains germinate. Each sends out a long 
filament, the pollen-tube^ which elongates, passes down the 
style, and eventually reaches the micropyle of an ovule. 
Traversing the micropyle, the end of the pollen lube pene- 
trates the nucellus, and comes into close contact with the 
embryo sac. The original nucleus of the pollen-grain has 
in the mean time divided into tvv©, and one of the daughter 
nuclei passes down the tube, reaches the embryo-sac, and 
then fuses with the nucleus of the ovum. This is the 
process of impregnation, and the result of it is that the 
ovum divides and gives rise to a cellular embryo. This 
becomes a minute Ilean-plant, consisting of a radicle or 
primary root ; of two, relatively large, primary leaves, the 
cotyledons ; and of a short stem, the plumule^ on which 
rudimentary leaves soon appear. The cotyledons now in- 
crease in size, out of all proportion to the rest of the em- 
bryonic plant; and the cells of which they are composed 
become filled with starch and other nutritious matter. The 
nucellus and coats of the o\ ule grow to accommodate the 
enlarging embryo, but, at the same time, become merged 
into an envelope which constitutes the coat of the seed. 
The pistil enlarges and becomes the pod; this, when it has 
attained its full size, dries and readily bursts along its edges, 
or decays, setting the seeds free. * Each seed, when placed 
in proper conditions of warmth and moisture, then germinates. 
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The cotyledons of the contained embryo swell, burst the 
seed coat, and, becoming green, emerge as the fleshy seed 
leaves. The nutritious matters which they contain are ab- 
sorbed by the plumule and radicle, the latter of which de- 
scends into the earth and becomes the root, while the former 
ascends and becomes the stem of the young Bean-plant. 
The ay)ex of the stem retains, throughout life, the simply 
cellular structure which is, at first, characteristic of the whole 
embryo; and the growth in length of the stem, so far as it 
dei)ends on the addition of new cells, takes place chiefly, if 
not exclusively, in this part. The growing point does not 
terminate in a single apical cell, as in the Fern, but con- 
sists of a number of small, actively dividing cells, termed 
collectively the apical meriste/n. The root likewise develops 
its tissues from an apical ^neristeni, but this, as in the Fern, 
is protected by a root-cap. 

The leaves cease to grow by cell multiplication at their 
apices, when these are once formed, the addition of new 
cells taking place at their bases. Each leaf is compound, 
the common petiole bearing from four to six leaflets. 

The tissues which compose the body of the Bean-plant 
are similar, in their general characters, to those found in the 
Fern, but they differ in the manner of their arrangement. 
The surface is bounded by a layer of epidermal cells, among 
which are stomata similar to those described in the Fern. 
Within the epidermis is a broad zone of tissue, termed 
the cortex. The greater part of this zone consists of paren- 
chymatous cells of the usual structure. At the four pro- 
jecting corners of the stem however, the cortical tissue 
has a somewhat different structure, consisting of cells which 
have their walls much thickened at the points of junction. 
Within the cortex comes a ring of vascular bundles^ and 
within this is the parenchymatous pith extending to the very 
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centre in the younger parts of the stem, while, in the older 
parts, the centre is occupied by a more or less consider- 
able cavity, full of air. This cavity results from the central 
parenchyma becoming torn asunder, after it has ceased to 
grow, by the enlargement of the peripheral parts of the 
stem. 

Tlic arrangement of the vascular bundles in the Bean is 
not quite regular. Most of them, as already stated, form 
a ring between cortex and pith, but besides these there are 
two bundles, which are situated outside the ring. Each 
of these occurs opposite one of the projecting corners of the 
stem. P^ach vascular bundle consists of two halves; the 
c^ylcm or wood, wliicli is turned towards the centre of the 
stem, and the phloevi or bast, which is turned towards its 
periphery. Bundles with this arjrangement of xylem and 
phloem are termed collateraL The wedge-shaped bundles 
of the ring are separated from one another by narrow bands 
of parenchymatous tissue, which extend from the paren- 
chyma within the circle of woody and vascular tissue 
{jneduUa or pitli) to that which lies outside it. These are 
the medullary rays. In each of the bundles the xylem 
and i)hloem are separated by a thin layer of small, and very 
thin-walled cells, termed the camhium layer. In the older 
parts of the stem this layer extends across the medullary 
rays between the bundles so as to fojm a continuous ring 
all round the stem. The tissues inside this layer are the 
wood and pith, while those outside it arc the bast, cortex, 
and epidermis. 

The great morphological distinction between the axis of 
the Bean and that of the Fern lies in the presence of this 
cambium layer. The cells composing it, in fact, retain 
their power of multiplication, and* divide by septa parallel 
with the length of the stem, or root. Thus new cells are 
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continually being added, on the inner side of the cambium 
layer, to the thickness of the wood, and on the outer side 
of it, to the thickness of the bast ; and the axis of the plant 
continually increases in diameter, so long as this process 
goes on. This constant addition to the outer face of the 
wood and the inner face of the bast is cliaractcristic of the 
Dicotyledons and (jymnosperms, to which two groups all our 
forest trees belong. In the Bean this process of secondary 
thickening only goes on to a comparatively small extent. 

At the apex of the stem, and at that of the root, the 
cambium layer is continuous with the cells of the apical 
meristem which retain the capacity of dividing in these 
localities. As the plant is thickest at the junction of the 
stem and root, and diminishes thence to the free ends, or 
apices, of these two strqpturcs, the layer of cambium and 
meristem may be said to have the form of a double cone. 
And it is the special peculiarity of the groups of plants 
above-mentioned to possess this doubly conical layer of 
constantly dividing cells, the upper end of which is free, 
at the growing point of the terminal bud of the stem, 
while its lower end is covered by the root-cap of the ultimate 
termination of the principal root 

'the most characteristic tissues of the wood are i)itted and 
spiral vessels, the spiral vessels being particularly abundant 
close to the pith. They are the first elements of the xylem 
to be formed. The outer part of the bast consists of elon- 
gated bast fibres, while the inner, or soft bast, contains 
sieve-tubes, the transverse walls of which are perforated. 

Stomata are absent in the epidermis of the root : they 
are to be found, here and there, in the epidermis of all the 
green parts of the stem and its appendages, but, as in the 
Fern, they are most abulidant in the epidermis of the under 
side of the leaves. As in the Fern, they communicate with 
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intercellular passages, which are widest in the leaves, but 
extend thence throughout the whole plant. 

The blade of the leaf is traversed by the branched vascular 
bundles, the xylem being turned towards the upper, and the 
phloem towards the lower surface. The parenchyma of the 
leaf, or mesophyll, is of two kinds; towards the upper surface 
the cells ‘are closely packed, and elongated at right angles 
to the surface, forming the palisade parenchyma. I'owards 
the lower surface the cells are of more irregular shape and 
very loosely arranged, and are termed the spongy paren- 
chyma. Both kinds of cells contain chlorophyll-grains, but 
they are most abundant in the palisade cells. 

The root has an epidermis, bearing unicellular root-hairs. 
Within this is a wide cortex of parenchyma, while the centre 
of the root is traversed by a liingle * vascular bundle, of 
radial structure, usually containing four groups of xylem, 
and four of phloem, which alternate one with another. The 
lateral roots arise cndogenonsly^ immediately outside the vas- 
cular bundle, opposite the xylem groups. They thus have 
to force their way through the whole of the cortex before 
reaching the surface. There are in typical cases four rows 
of lateral roots, corresponding to the four xylem-groups 
opposite which they originate. 

The difference between a flowering plant, such as the 
Bean, and a flowerless plant, such as tjie Fern, at first sight 
appears very striking, but it has been proved that the two 
are but the extreme terms of one series of modifications. 
The anther^ for example, is strictly comparable to a leaf 
bearing sporangia, the sacs in which the pollen is contained 
answering to the sporangia themselves. The pollen grains 
exactly resemble spores in their mode of development and 
answer to the small spores of those Iflowerless plants in which 
the spores are of two kinds — some spores giving rise to 
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prothallia which develope only antheridia, and others to 
prothallia which develope only archegonia; instead of the 
same prodiallia producing the organs of both sexes, as in 
jPleris. And the pollen tube may be compared to the first fila- 
mentous process of the spore. But, in the flowering plants, 
the protoplasm of the pollen tube does not undergo division 
and conversion into a prothallus, from which anthe'ridia are 
developed, giving rise to detached fertilizing bodies or 
spermatozoids, — but exerts its fertilizing influence without 
any such previous differentiation, other than the division of 
its nucleus. The connecting links between these two ex- 
treme modifications arc furnished, on the one hand, by the 
Conifers, in which the i)rotoplasm of the pollen tube be- 
comes divided into cells, from which, however, no sperma- 
tozoids are developed; and by Selaginella, in which the 
protoplasm of the smaller spores ( = pollen grains) divides 
into cells which form no prothallus, but give rise directly to 
spermatozoids. 

On the other hand the embryo^sac is the equivalent of 
the large spore which gives rise to a prothallus bearing 
female organs. The ovum of the flowering plant cor- 
responds to the ovum contained in the archegonium of the 
prothallus. There are other cells produced from the pro- 
toplasm of the embryo-sac, which probably answer to the 
cells of a prothallus.^ Here again the intermediate stages 
are presented by the Conifers and Selaginella. For, in 
the Conifers, the protoplasm of the embryo-sac gives rise 
to a solid prothallus-like endosperm, in which bodies called 
corpuscula^ which answer to the archegonia, are formed, 
and in q^ch of these an ovum is produced; while, in Selagi- 
nella the prothallus developed in the large spores does not 
leave the cavity of the Spore, but remains in it like an 
endosperm. 
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The physiological processes which go on in the higher 
green plants, such as the Fern and the Bean, resemble, 
in the gross, those which take place in Protococcus and 
Chara. For such plants grow and flourish if their roots 
are immersed in water containing a due proportion of 
certain saline matters, while their stem and leaves are 
exposed to the air, and receive the influence of the sun's 
rays. 

A Bean-plant, for instance, may be grown, if supplied 
through its roots with a dilute watery solution of potassium 
and calcium nitrate, potassium and iron sulphate, and mag- 
nesium sulphate. While growing it absorbs the solution, 
the greater part of the water of which evaporates from the 
extensive surface of the plant. In sunshine, it rapidly 
decomposes carbonic anhydride, fixing the carbon, and 
setting free the oxygen ; at night, it slowly absorbs oxygen, 
and gives off carbonic acid ; and it manufactures a large 
quantity of protein compounds, cellulose, starch, sugar and 
the like, from the raw materials supplied to it. 

It is further clear that, as the decomposition of carbonic 
anhydride can take place only under the combined in- 
fluences of chlorophyll and sunlight, that o]3eration must 
be confined, in all ordinary plants, to the tissue imme- 
diately beneath the epidermis in the stem, and to the 
leaves. And it can be proved, experimentally, that fresh 
green leaves possess this power to a remarkable extent. 
The decomposition of carbonic anhydride and of M^ater 
appears to go on simultaneously, and as the result of the 
process, various carbohydrates, such as grape-sugar, make 
their appearance. 

On the other hand, it is clear that, when a plant is grown 
under the conditions described, the nitrogenous and mineral 
constituents of its food can reach the leaves only by passing 
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from the roots, where they are absorbed, through the stem 
to the leaves. And, at whatever parts of the plant the nitro- 
genous and mineral constituents derived from the roots 
are combined with the carbohydrates produced in the leaves, 
the resulting compound must be diffused thence, in order to 
reach the deep-seated cells, such for instance as those of 
the cambium layer and those of the roots, which are 
growing and multiplying, and yet have no power of ex- 
tracting carbon directly from carbonic anhydride. In fact, 
those cells which contain no chlorophyll, and are out of 
the reach of light, must live after the fashion of I'orula ; 
and manufacture their protein out of the nitrates and salts 
of ammonia taken up by the root, in combination with sucli 
bodies as grape-sugar, already formed in the leaves. Thus, 
the higher plant combines “within itself the two, physiologi- 
cally distinct, lower types of the I'ungus and the Alga. 

That some sort of circulation of fluids must take place 
in the body of a plant, therefore, appears to be certain, but 
the details of the process are by no means clear. There is 
evidence to show that the ascent of fluid from the root to 
the leaves takes place, to a great extent, through the vessels 
of the wood, which in the higher plants have their transverse 
walls broken down so as to form very fine capillary tubes 
traversing both stem and root. 

The mechanism by which this ascent is effected is of two 
kinds ; there is a pull from above, and there is a push from 
below. The pull from above is the evaporation wliich takes 
place at the surface of the plant, and especially in the air- 
passages of the leaves, where the thin-walled cells of the 
parenchyma are surrounded, on almost all sides, with air, 
which communicates directly with the atmosphere through 
the stomata. The push from below is due in the first 
instance to the absorptive action of the root hairs. The 
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water they take up passes to the parenchymatous cells of 
the cortex of the root, and is thence pressed into the vessels. 
In a vine, for example, before its leaves have grown in the 
spring, this process, called ‘‘root-pressure,’* causes a rapid 
ascent of fluid {sap) absorbed from the soil. A certain 
portion of the fluid thus pumped up from the roots to the 
surface bf the plant doubtless exudes, laterally, through the 
walls of tlie vessels (the thin places which give rise to the 
pits on the walls of these structures especially favouring this 
process), and passing from cell to cell, eventually reaches 
those which contain chlorophyll. The distribution of the 
carbohydrates formed in the chlorophyll-bearing cells, pro- 
bably takes place by slow diffusion from cell to cell. The 
proteid compounds are in all probability conveyed through 
the sieve-tubes of the vascular bpndle?. 

There is no doubt that all the living protoplasm of the 
plant undergoes slow oxidation, with evolution of carbonic 
anhydride. In the green parts, and in daylight, this process 
of respiration is disguised by the more conspicuous one of 
assimilation, in which carbonic anhydride is decomposed 
and oxygen given off. In the deeper seated cells, and in 
all parts of the plant when light is absent, respiration alone 
goes on. The supply of oxygen needful for this purpose 
is sufficiently provided for, 'by the air-passages which are to 
be found between the cells in all p^arenchymatous tissues. 
The replacement of the oxygen of the air thus absorbed, 
and the removal of the carbonic anhydride formed, will be 
sufficiently provided for by gaseous diffusion. 

From what has been said, it results that, in an ordinary 
plant, growing in damp earth and exposed to the sunshine, 
a current of fluid is setting from the root towards the surface 
exposed to the air, where its ^v?ltery part is for the most 
part evaporated ; while gaseous diffusion takes place, in the 
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contrary direction, from the surface exposed to the air, 
through the air-passages which extend from the stomata 
to the radicles; the balance of exchange being in favour 
of oxygen, in all the chlorophyll-bearing parts of the plant 
which are reached by the sunlight, and in favour of carbonic 
anhydride, in its colourless and hidden regions. At night, 
the evaporation diminishing with the lowering of the tem- 
perature, the ascent of liquid becomes very slow, or stops, 
and the balance of exchange in the air-passages is entirely 
in favour of carbonic anhydride ; even the chlorophyll- 
bearing parts oxydizing, while no carbonic anhydride is 
decomposed. 


LABORATORY WORK. 

a. General characters. 

a. The erect central main axis {root and stem), 

Ik The bratiches of the stem ; some, mere repetitions 
of the main axis; others, modified and bearing 
flowers. 

c. The nodes and internodes, 

d. The appendages, 
a. Foliage leaves. 
jS. Eloral leaves. 

b. The root. 

a. Its main central portion {axis). 

b. The rootlets attached to the axis in four rows. 

c. The rootdiairs, 6n\y found on the younger parts 
of the root. 
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d. The root-cap^ covering the tip of each rootlet ; 
this is difficult to get whole out of the ground in 
the bean, but is readily seen by examining the 
roots of duckweed {Lemna) with i inch obj. In 
the latter plant it consists of several layers of 
cells forming a cap on the end of the root, and 
ending abruptly with a prominent rim some way 
up it. In the bean the root-cap can be well 
seen by making a longitudinal section of the 
radicle of the seed. See below, f. 1. c, 

e. Make a transverse section of the main root of 
a seedling about an inch below its junction with 
the stem. Note that the whole root is destitute 
of chlorophyll. Observe with a low power ’ 

a. The epidermis. 

The wide cortex. 

y. The central vascular bundle. Note the four 
xylem - groups alternating with the same 
number of phloem groups. 

8. In a section passing through the insertion of 
a lateral root, observe that this arises endo- 
^cfioHsIy and*immcdiately outside one of the 
groups of xylem. 

c. The stem. 

1. Erect, green, four-cornered, with a ridge at each 
angle; not woody; the gradual shortening of the 
internodes towards its apex. 

2 . Cut a thin transverse section of the stem through an 
internode; note its central^cavity, and the whitish ring 
of Jibro-vascular bundles in it, which is harder to 
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cut than the rest : mount in water and examine with 

I inch obj. : note — 

a. The medullary or pith-cavity in the centre of the 
section. 

b. The pith-cells, around the central cavity: large 
and more or less rounded {parenchyma)^, some- 
times with dotted walls from spots of local thin- 
ness on them (pits). 

c. The jibro-vascular bundles arranged in a ring im- 
mediately outside the pith. Two of them how- 
ever will be found separate from the ring in two 
opposite corners of the stem. Commencing at 
the side nearest the pith, note iii each bundle — 

a. The smaK openings formed by the transverse 
sections of the spiral vessels (protoxylem). 

p. The larger cavities of the pitted vessels. 

y. The small thick-walled wood-cells, wedged in 
between the vessels. These three (a, p and y) 
form the wood or xylem of the bundle. 

8. The cambium zone : granular-looking, and com- 
posed of small angular thin-walled cells, ranged 
in regular radial rows. 

€. The bast or phloem. It presents internally 
thin-wallecf cells of various sizes, the bast 
parenchyma and bast vessels or sieve tubes. 
Externally it appears in cross section to be 
composed of rounded cells with thickened walls; 
the bast fd)rcs or sclerenchyma. Draw the section. 

d. The cortex, consisting of several layers of large 
rounded cells containing chlorophyll. Note that 
at the four corners of the stem the walls of these 



^VI.] THE BEAN PLANT. 473 

cells are much thickened at the angles (collen- 
chymatous), 

e. The medullary raysm radiating rows of paren- 
chymatous cells passing between the bundles and 
uniting b and d : not quite continuous, being in- 
terrupted by the cambium zone (c. 8.). 

/ The epidermis: composed of a single layer of 
somewhat sc^uarish looking cells, containing no 
chlorophyll. Note the stomata^ their two small 
guard-cells being seen in section. 

3. Cut a transverse section through a node, and com- 
pare it with that through the internode. Observe 
the bundles f)assing out from the stem into the leaf. 

4. Cut a thin longitudinal section ^through part of aa 
internode (if necessary the bit of stem may be im- 
bedded in paraffin first), and mount it in water ; 
working from the medullary cavity outwards, note 
the following layers, using at first a low power : — 

a. The pith-cells : much as in the transverse section. 

b. The fibro-vascular bundles presenting — 

a. The spiral vessels : elongated tubes with a spiral 
thickening on their walls. 

/8. The 'loood-cells : elongated and with much 
thickened walls. 

y. The pitted vesseh : much like a, but with their 
walls pitted instead of spirally thickened. 

8. The cambium zone: made up of small, angular, 
thin-walled cells, containing abundant proto- 
plasm. 

€. The bast pai'cnchyma: thin-walled elongated 
cells. 
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The hast vessels: larger elongated cells with 
oblique perforated septa {sieve-tubes). 

7]. The bast fibres^ f^iform and thick-walled. 

L\ More parenchymatous cells, constituting the cortex. 

d. Epidermis: composed apparently of cubical colour- 
less cells : here and there the opening of a stoma 
(d. 2. d. ji.) may be seen. 

Draw the section. 

5. Compare the transverse and longitudinal sections 
together, making out the corresponding parts in each. 

6. Put on a high i)owcr, and examine each of the 
above-mentioned tissues carefully. 

7. Stain with ioUiner^note the cell-walls; the protoplasm 
— its presence or absence, and relative quantity in 
the various tissues ; the nuclei of the cells ; starch 
granules in some, stained deep blue by the iodine. 

d. The leaves. 

1. llieir form and composition. 

a. Each leaf consists of a number of different parts, 
viz. : — 

a. The stalk or petiole, 

13. The foui;^to six oval leaflets attached laterally to 
the stalk. 

y. The pair of small leaf-like expansions (stipules) 
at the base of the petiole. 

8. The rudimentary tendril terminating the petiole. 

2. The histological structure of a leaflet, 

a. Imbed a leaflef in paraffin or hold it between two 
bits of elder pith and cut a thin section from it, 
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perpendicular to its surfaces. Let the section lie 
in alcohol * a few minutes to drive the air out of its 
intercellular spaces, and then mount it in water, 
and examine with i inch objective. 

b. Begin at the upper surface (marked out by its 

more closely packed cells), and work through to 
t^ie lower. Note — 

tt. The colourless epidermal layer — consisting of a 
single row of cells ; the openings here and there 
in it {stomata), 

p. Beneath the up2)er cjiidermis come elongated 
chlorophyll-containing cells, set on i)er2iendicu- 
larly to riie surface, forming the palisade paren- 
chyma. 

y. d'hen come irregularly braiiched cells forming 
the lower half of the leaf-substance ; these also 
contain chlorophyll. They constitute the spoigy 
2)arenchyma. 

8. The epidermal layer of the lower surface; like a. 

€. The inteixellular spaces^ through the whole thick- 
ness of the leaf : the direct communication of 
some of them with stomata. 

t,. Here and there sections of ribs or vehis : make 
out in them the same demerits as in c. 2. c. 

Draw. 

c. * Treat with iodine: make out the wall, protoplasm 

{primordial utricle)^ nucleus and vacuole of the 
cells : the chloro[)hyll grains, the starch granules. 

d. Peel off a strip of ei)idermis from a leaf and ex- 
amine with a low power : «ote — 

^ This will discolour the chlorophyll grains. 
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a. The large close-fitting cells, with irregularly 
wavy margins and no chlorophyll, which chiefly 
make up the epidermis. 

J 3 . The openings here and there in it (stomata ) ; 
the two curved, chlorophyll-containing guard- 
cells bounding each stoma. 

t\ Clently pull a midrib in two across its long axis ; 
note the fine threads uniting the two broken ends; 
cut them off with a sharp pair of scissors, mount 
in water and examine with J or J objective : they 
will be found to consist of partially unrolled spifal 
vessels. 

e. The flower. 

1 . /ts general strnetnre. 

a, Horne on a short stalk (peduncle). 

Ik Composed of four rows or whorls of organs. 
a. The external green cup-like calj^x. 

ft. Inside the calyx the corolla: the most con- 
spicuous part of the flower. 

y. Inside the corolla the stamens. 

8. Within the stamens the pistiL 

2 . The calyx. 

A cup terminated at its free edge by five prominent 
points, two dorsal, and three ventral : the five small 
midribs running along it (one to the end of eacli of 
the points) represent the free ends of five sepals, 
which are united below. 

3. The corolla. 

a. Composed of ft/e pieces or petals. 

a. On the dorsal side, a single large piece (vexzl- 
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Imn) expanded at its free end and folded over 
the rest. 

/?. On the sides, two oval pieces {alce\ each 
attached by a distinct narrowed stalk {twgids), 
y. The inferior part of the corolla (carhia)^ com- 
j posed of two oval pieces united along their 
lower edge but readily tearing ai)art. 

4 . The stamens. 

a. Ten in number, each consisting of a stalk-like 
part, the filament^ terminated by a small knob, 
the anther. 

b. The union pf nine of the filaments for three-fourths 
of their length to form the stame;htnbe. the tenth 
being free : the sharp bend of the filaments to- 
wards the upper side at the point where they sepa- 
rate from one another. 

e. Tease out an anther in water and examine with 
J obj. : there will be found numerous- - 
a. Pollen-grains : small oval cells, with projections 
on the cell-wall in the equatorial region. 

(1. The anther of a bean is so small that sections 
cannot be made of* it without considerable skill: 
the structure of an anther cmi however be easily 
made out by imbedding one from a tiger-lily in 
paraffin or holding it between two bits of elder- 
pith, cutting transverse sections, mounting in water 
and examining with i inch. obj. 
a. It contains four chambers, the pollen-sacs^ two 
on each side of the continuation of the fila- 
ment, and in each chanfber lie numerous pollen- 
grains. 
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13. By making careful transverse sections of young 
flower buds the stages of development of the anther 
and pollen may be made out. Observe especially 
the origin of the pollen-grains by the successive 
division of each of the numerous mother-cells, into 
two and then into four. Each of the four daughter- 
cells forms a wall of its own and becomes a 
pollen-grain. 

The pisiiL 

a. It is found by tearing open the stamen-tube : it 
is a long green tapering body, somewhat flattened 
laterally and ending in a point (the style) which 
bears a tuft of strong hairs. 

h. Slit it op^n carefully: its central cavity contains 
a number of small oval bodies, the ovules^ attached 
along its ventral side by short pedicles. 

c. It is difficult to get a section of a bean-ovule, 
but its essential structure may be readily made 
out by making thin transverse sections of the 
ovary of a large lily (where the ovules are closely 
surrounded by the tissue of the pistil) and examin- 
ing with I inch obj. 

tt. The central cellular portion of the ovule {micel- 
lus) madQ up of a large number of cells. 

p. Its two coats, an inner (J>rimine) and outer 
(secimdine). ^ 

y. The small passage (inicropyle) leading through 
the coats down to the nucellus. 

S. In median sections of the ovule, a very large 
cell (the €7nhfyo-sac) will be seen in the nucellus 
just opposite the micropyle. 
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€. The contents of the embryo-sac are best studied 
in material which has been preserved, when quite 
fresh, in absolute alcohol, and then transferred to 
a mixture of alcohol and glycerine. The alcohol 
is allowed to evaporate, and the sections are then 
made, and mounted in glycerine. With a high 
^ power the following structures may be made out 
in the embryo-sac : 

• 

aa. At the micropylar end three cells forming collec- 
tively the eog-apparatus^’' The most deeply in- 
serted of the three is the 07 nt?n itself, the other 
two arc the synergidae and undergo no further 
development. 

About thp middle of the sac the large nucleus. After 
fertilization this divides, repeatedly, to form the 
nuclei of the endospcrm-sclls, * 

yy. At the end opposite the micropyle the three anti- 
podal cells.” 

f. The seeds. 

I. Soak some dried beans in water for twenty-four 
hours; they will slightly swell up and be more readily 
examined than when dry. 

a. Note the black patch (the /ii/um) on one end of 
the bean, marking where the stalk {funiculus) which 
fixed it in the pod was attached to it. 

A Having wiped all moisture off the bean gently 
press it while observing that part of the black 
patch which is next its broader end : close to 
the patch a minute drop of fluid will be observed 
to be pressed out through a small opening, the 
micropyle, 

c. Carefully peel off the outer coat {testa) of the seed : 
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the two large fleshy cotyledons of the embryo will 
be laid bare. Joining the cotyledons together 
will be found the rest of the embryo : it consists 
of a conical part (the radicle) lying outside the 
cotyledons, with its apex directed towards the 
point where the micropyle was ; and of the rudi- 
ments of the stem and leaves {plmhule) lying 
between the cotyledons. 

g. The process of fertilization. 

This is difficult to follow in the bean; but by using 
different plants for the observation of its various stages 
it is fairly easy to observe all its more important steps. 

1. A plant well adapted for seeing the penetration of 
the pollen ^ube into the stigma and style is the 
Evening Primrose (CEnothera biennis). 

Detach the style from the flower and hold the 
club-shaped stigma between the finger and thumb 
of the left hand. Moisten it with a drop of water 
and then make with a wetted razor several successive 
cuts through it. This will divide the stigma into 
several slices. Spread these out on a glass slide 
with a needle in water and examine the thinnest, 
after putting on a coveiing-glass. 

The triangular grains of pollen will be seen send- 
ing out froih' one angle a tube into the stigmatic 
tissue, which is easily seen from its slight difference 
in colour. 

2. The entrance of the pollen-tube into the micropyle 
can be readily made out in some species of Veronica. 
The common V. scrpyllifolia—oi^^n to be found 
in shady places v)n lawns-— is well adapted for the 
purpose. A flower should be taken from which the 
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corolla has just dropped. Dissect out the minute 
ovary and, using the dissecting microscope, open 
with a needle one of its two cells in a drop of water ; 
remove the mass of ovules and gently tease them 
apart 'Phen put on a covering-glass and examine 
with a low power till an ovule is found which shews 
the’ entry of the ])ollemtube. The addition of dilute 
glycerine will make the ovule more transparent, so 
that after some time tjje embryo-sac can be seen, 
and the progress of the pollen-tube into the ovule 
followed. 

3. In favourable median sections of the ovule of the lily 
prepared as djrcctcd in e. 5. c. the pollen-tube may be 
traced through the micropyle and between the cells 
of the nuccllus to the embryo.^-sac. * 

4. Among other plants favourable for the study of the 
details of fertilization may be mentioned Caltha (marsh- 
marigold), IlcllcbornSy and Campanula (Canterbury 
Bells). In each case thin transverse sections of the 
fruit arc to be made, and the material is best prepared 
as above described. 
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A. GENERAL. 

The animals and plants employed in this work slionld br 
obtained alive, and if possible by the student himself. Direc- 
tions for killin^^ and preserving them will be found under each 
head. Living specimens should be kept ready at hand, in order 
tliat their hal^its and movements may be studied side by side 
with their structure. 

Apparatus required, 
t. Dissecting instruments, as under 

Two or three scalpels of variable sizes, with straight 
blades. 

Two pairs of scissors with straight points (one large and 
one small). 

Two pairs of forceps (one large and one small) with 
straight points, the inner’^accs of which shall be ground 
or notclied. 

‘I 

A seeker with a tapering point. 

A German-silver blow-pipe. 

Two razors (for section-cutting). 

A section-lifter. This may most readily be made by 
beating out the terminal 4th of a piece of copper-wire, 
4 inches in length. 

3 or 4 camel’s hair Brushes. 

6 needles mounted in long wooden handles. 
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2 , Dissecting dishes. 

A small pic-dish 6 or 8 inches in length, and an ordinary 
salve-pot will meet all requirements. They should be 
half filled with a mixture of paraffin and lamp-black, put 
in hot, and weighted down with a piece of sheet lead. 

3. Injecting apparatus. 

Tu^o or three ^-02. medicine-droppers, with their points 
drawn out to varying degrees of fineness. 

A 1-02. syringe, preferably of metal, for histological 
work. 

4- A compound microscope, preferably with a sliort body ; 
fitted with low power (f inch) and high power (j\th inch) 
objectives. A shallow cyc-piecc of low magnifying power 
will suffii.c, but a higher one may conveniently be to 
hand. 

5. A hand-lens : preferably of the pocket or watchmakcr^s 
type. 

A simple dissecting microscope may conveniently be 
added. 

6. Sundries. 

Drawing material. Unlined paper ; pencils H and 
II B, and a box of moist-colours. Paints may be em- 
ployed in preference to chalks, and it is advisable to 
use corresponding colojirs in representing corresponding 
organs of different organisms, or rorresponding parts of 
organs themselves. » 

In drawing, accurate representation in outline should 
be aimed at, and it will generally suffice to colour in light 
flat washes. 

Microscopic slides and cover-slips. 

Of the former, 2 oz., with rough or ground edges at will. 
Of the latter, i a gross, preferably I square thin. 

Glass dipping-tubes of various calibres and lengths ; 
two or three to be drawn out to a point. 


— 2 
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'rhrec or four small thin glass beakers. 
Half a dozen watch-glasses. 

Three or four glass salve-pots with lids. 


B. ON DISSECTING. 

Unless otherwise directed, all the dissections embraced by 
tliis work should be performed under water. 

'I'hc iindc'rmentioned precautions arc indispensable to success. 

1. The animal or origan under dissection should be firmly 
pinned down, the pins being thrust through those more 
solid parts of the same, furthest removed from the point 
of operation. 

2. Displacement of pans of organs, prior to removal or 
otherwise, should be effected by means of forceps, the 
larger ones being employed wherever possible (in order 
that the smaller ones may be the more fit for delicate 
work) ; the direct use of the fingers should be dis- 
couraged. 

3. Never dissect under dirty water. Should the water be- 
come clouded, as it may do from numerous causes, 
change it at once and, in doing so, wash the dissection 
clean under a gentle stream! 

4. In dissecting a given system remove nothing unneces- 
sarily. Dissect away only such parts as may interfere 
with the immediate purpose of inquiry, and do this only 
after full deliberation. 

5. Dissecting instruments should always be wiped perfectly 
clean and dry after use. The hinges should be occa- 
sionally oiled by means of a camel’s hair-brush ; and if 
put away for a lengthy period after use, all parts subject 
to immersion in water should be similarly treated. 
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C. ON INJPXTING. 

Precautions, indispensable to success under all circum- 
stances. 

n. Injection should always be performed as soon after 

9 death as possible; and, in the case of the P'roj;, 
it is advisable to first remove the apex of the ven- 
tricle, in order to allow of the escape of as much 
blood as possible. 

If. In fillinj:^^ tlie syringe (or its ccjiiivalent) with injecting 
material care should be taken to first expel the con- 
tained air : when fully charged it should be held 
nozzle uppermost, while, by displacement of the 
piston, all trace of air is dispelled. 
t\ In opening a blood-v^<?ssel*' prior to injection the 
exposed wall should be slit longitudinally with small 
scissors. Escape of as much blood as possible 
should lie permitted, llefore inserting the cannula 
or its equivalent, the whole should be well washed 
and llic incision examined to make sure of the ab- 
sence of a blood-clot or other obstructive agent. 

To tliis end the introduction of the cannula may 
be advantageously preceded by that of the seeker. 

(i. If the cannula is Jo be tied in place (as must always 
be the case when injecting for liistological purposes) 
the thread (preferably one §f surgical silk) should be 
passed round the vessel and loosely knotted, prior to 
making the incision in its wall. The incision should 
be made a short distance from tlie thread, in a 
direction away from that in which it is intended to 
inject. 

Under such circumstances the knotted thread will 
be found to serve as a landmark, which experience 
will show to be occasionally necessitated, in the 
course of the w^ork. 
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c. Upon removal of the injecting apparatus the cut end 
of the blood-vessel or other organ through which it 
was inserted should be immediately ligatured or 
clamped, in order to guard against reflux. 

2. Coarse injection, for anatomical purposes. 

Complete satisfaction may be obtained by using a mix- 
ture ol French blue and water in the proportiomof a tea- 
spoonful to half a tumbler. The mixture shoul,d be well 
stirred immediately before use, and it may be introduced 
under water or otherwise as occasion demanded. Most 
satisfactory results arc to be obtained with tins mixture 
by injecting piecemeal fiom such of the huger vessels as 
may be desirable. 

For permanent anatomical preparations jdaster of Paris 
may be preferably employed. Mix with two-thirds its 
bulk in water and colour with French blue or vermilion ; 

j 

stir thoroughly and strain through two thicknesses of 
fine muslin. The mixture thus prepared will remain for 
8 -lo minutes sufficiently fluid for all practical purposes. 

3. Fine injection, for histological purposes. 

Allow a given ([uantity of gelatine to stand for 3 — 4 hours 
in twice its bulk of cold water; heat slowly until quite 
fluid and colour lo taste with Berlin blue or carmine. 
Jnjict when lukewarm, the animal being immersed in 
watci at the same temperature. 

In the above process the following precautions should 
be taken. 

iX, The point of the cannula should bear a slight con- 
tusion near its tip, round which the thread may bite 
when ligatured. ^ 

Ik The cannula should be as short as possible, and 
there should be attached to its base an inch or so of 
india-rubber tubing to receive the nozzle of the 
syringe. 

c. The cannula should not be inserted until all bleed- 
ing has ceased. 
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fL While injecting, a steady pressure should be main- 
tained. Should resistance to this be offered, the 
operation must be interrupted until the cause of 
obstruction shrill have been ascertained and, if pos- 
sible, removed. 

Obstruction generally arises from one or more of 
the undermentioned causes. 

i. The presence of clotted blood in the smaller 
vessels. This source of dii'nciilty is usually 
fatal to success. 

ii. Resistance offered in the capillary systems, 
often rcsLilfing from the forcing back of the 
blood upon the great vessels. This may ge- 
ner^illy be overcome by puncturing a large 
vessel as far removed from the point of opera- 
tion as possible c. ♦f injecting the aiteries 
puncture one of the larger veins, or 7 >lcc versa). 

iii. A too raj)id cooling of the gelatine within the 
smaller vessels and capillary systems. To over- 
come this, increase the temperature of the water 
ill which the animal is immersed. 

r. Complete injection of a given capillary system ul- 
timately results in visible distension of the organ 
concerned; should enlargement sucli as this become 
suddenly obvioiuithe operation must be terminated, 
otherwise rupture and cxtra\ asrtion will ensue. 

f. On withdrawal of the syringe the end of the india- 
rubber tube attached to the cannula should be either 
plugged with a glass-rod or other convenient stopper, 
or clamped ; and the whole should be placed in cold 
water until the gelatine shall have set. 

i:;. Animals or tissues thus injected should never be 
placed at once into strong alcohol, but into spirit 
of increasing strength, Yrom 50 per cent, upwards as 
directed at Appendix E. 
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D. MICROSCOPE AND MICROSCOPIC 
EXAMINATION. 

1. In usinjT the microscope the first thing to be considered 
is the illumination. A position facing a window should 
be selected, and if the window be a north one there will 
be an advantage in the absence of direct sunlight, which 
should never be employed for microscopic work. The 
light from a south window is however equally good, if a 
white blind be used to exclude bright sunshine. 

The mirror must be so placed that the field of the 
microscope appears quite bright. The admission of 
light from the mirror to the object is regulated by the 
diaphragms. The size of the opening to be used should 
depend on the magnifying power. With a low power a 
large opening is^nece.ssary, or the whole field will not be 
illuminated ; with a high power a smaller opening gives 
a better definition, though it diminishes the intensity of 
the illumination. Most modern microscopes are pro- 
vided with a double mirror: the fiat one should be used 
low down in illuminating with a low power ; with a high 
po\ver on the other hand, the concave one should be 
used obliquely and high up. 

2. The microscope has two adjustments of focus. The 
coaise adjustment is effected by sliding the body of the 
microscope up and down in its tube, or in the larger in- 
struments by a rack and pinion movement. The fine 
adjustment is worked by a screw. In all observations 
the low power should be used first, and then the high, if 
necessary. The focal distance of the low power ‘is of 
course relatively long, usually either an inch or half an 
inch. Hence there is no difficulty in focussing and no 
danger of crushing the object. With the high power, 
which may have a focal distance of in., in., or 
less, great care is necessary, lest the objective should 
touch the cover-slip. It is best to slide the body of the 
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microscope very carefully down, until the object is just 
visible, and then to focus accurately with the fin^* ad- 
justment, 

3. Never observe with a high power until the object is 
covered with a cover-slip. If the object appears in- 
distinct, this may be due to dirt or condensed vapour, 
on 4 lie cover- slip, the objective, or the eye-piece. If the 
first is in fault the distinctness will vary as the slide is 
moved. The presence of any foreign particles on the 
eye-piece can be easily detected by turning it round. A 
general indistinctness, which is not affected either by 
moving the slide, or by rotating the eye-piece, must be 
due to the objective having become dirty, or injured. 

4. Should the c»bjective be dirty, it must be cleaned with a 
soft linen rag, or with a piece of w'ash-leather, never 
Avith a coarse cloth. The g^'eate^t care must be taken 
that the objective does not become dirty, for even the 
most careful cleaning is likely to injure the lens. In 
order to keep the objectiv^c clean, it is essential that no 
more iluid should be used in mounting, whether tem- 
porarily or permanently, than will exactly fill the space 
under the cover-slip. 

5. During observation the focussing should constantly be 
slightly varied, by means of the fine adjustment, as this 
greatly aids in getting a clear idea of the object. 

6. It is best to cultivate a habit of using the microscope in 
the vertical position, so that the. stage is horizontal. An 
inclined position of the instrument is only admissible in 

^ examining permanent preparations. 

7. The body of the microscope should always fit accurately, 
but not tightly, in its tube. It should be oiled if it does 
not work up and down quite smoothly. 

8. A micrometer of some kind is indispensable, and the 
purpose to be aimed at in its'use is the knowledge of the 
size of objects under examination. An eye-piece mi- 
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cromctcr ruled into squares answers most purposes and 
the s([uares and objects delineated should be drawn to 
the proportions observed. Having thus a record of ob- 
jects, drawn in proportion relative to the said squares, 
it remains but to ascertain the value of the latter. This 
is best done by using, in conjunction with the eye-pitce 
micrometer above named, a stage micromctc^r ruled to 
intervals of known value ; there will thus be superposed 
lines of absolute and relative measurement. The actual 
value of the squares of the eye-piece micrometer may by 
this means be once for all calculated, and a record of the 
same should be kept for each lens combination. 


E. ]>REPARATION AND USE 6F REAGENTS 
AND (x'ULTDRE SOLUTIONS. 

4 

The reagents employed in microscope work are best put up 
for use in o oz. bottles. Those marked thus * should be kept in 
glass bottles vith ground necks and stoppers, their contents 
being renuwed by means of clean capillary tubes. The re- 
cept«icles of the remaining ones should be corked, each cork to 
carry a thin glass rod long enough to reach near the bottom of 
the bottle. 

T . Acetic acid, Dilute. 

Mix I cub. centimetre of glacial acetic acid with 99 cub. 
cent, of distilled water. 

2, Alcohol. 

jM ethylated spirit should be kept ready to hand in stock 
bottles, diluted with water to various strengths, ^viz. — 
50 per cent., 75 per cent., 90 per cent. Upon placing 
any specimen, organ, or tissue in the same, at least 3 —4 
times its bulk in fluid should be employed. Immersion 
in the weaker solutions should not exceed 6—8 hours in 
the case of whole brgans, or 2—3 hours in those of 
tissues in course of hardening for histological work. 



APPENDIX. 


491 


The stronger solutions employed in the final stages of 
hardening or preservation should be replaced at intervals. 
In the case of preparations which have been transferred 
from acid solutions, the spirit must be repeatedly changed, 
until all excess of acid is removed. 

Preparations of nervous tissues or sense-organs, if 
treated with alcohol, should be put at once, when quite 
fresh, into strong spirit. 

3. Ammonic bichromate, Solution of. 

Dissolve 10 grammes of crystallized ammonic bichro- 
mate in a litre of distilled water. 

4 - Canada balsam 

A chloroform or turjicntine solution of faiily fluid con- 
sistency should be employed. It must be kept in a well- 
stopped bottle with a wide neck. 


5 . Carmine, Solution of. 

Carmine 2 grammes. 

Strong solution of ammonia 4 cub. cent. 

Distilled water 48 cub. cent. 


Dissolve the carmine in the ammonia and water ; leave 
in an imsto]q)crcd bottle until nearly all smell of ammo- 
nia has gone. Afterwards keep in a Nvell-closcd bottle. 
Dilute a small quantity with fifteen or twenty times its 
bulk of water, wlien rcq’iircd for use. 

6 . Carmine, Borax, Solution of. 

Carmine i gramme. 

Borax 4 grammes. 

Distilled water 56 cub. cent. 

To this solution add twice its volume of absolute alcohol. 
Filter. 

7. Chromic acid, Solution of.’ 

Dissolve 10 grammes of crystals of chromic acid in one 
litre of water. This gives a i per cent, solution, from 
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which weaker ones can readily be prepared when re- 
quired. 

Preparations should be placed in *i per cent, solution 
for the first 24 hours, that being ultimately replaced for a 
similar period by one of *5 per cent, which should be 
changed if necessary. When well hardened they should 
be transferred to 75 per cent, alcohol. 

When used for purposes of decalcification the maxi- 
mum (juantity should be employed, and to it a few drops 
of nitric acid may be added. 

8 . Corrosive sublimate, Solution of. 

To a saturated aqueous solution add a few drops of 
acetic acid. 

A relatively large quantity of tljc above must be em- 
ployed, and the preparation, after at most an hour's 
immersion th(!fein,#should be well washed under running 
water before being transferred to alcohol. 

9. Eosin, Solution of. 

Aqueous and alcoholic solutions should be prepared 
the former for use with fresh material, the latter with 
that which has been previously hardened. 

10. Glycerine. 

Tiy Sveak glycerine,’ referred to in the text, is meant a 
solution composed of ecj^aal paits in bulk of glycerine 
and distilled water. 

1 1 . Gold chloride, ^Solution of. * 

A I per cent, solution is customarily employed. 

Tissues submitted to the action of this reagent should 
be kept free of contact with metal. 

12. Haematoxylin, Solution of. 

a. Prepare a saturated .solution of crystallized calcic- 
chloride in 70 per cent, alcohol ; then add alum to 
saturation. 
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b. Prepare a saturated solution of alum in 70 per cent, 
alcohol. Add i volume of a to 8 of A 
To the mixture of a and b add a few drops of a 
saturated solution of pure haematoxylin in absolute 
cilcohol. 
cL Filter. 

71iis reagent stains with great intensity. Overstain- 
preparations may be clarified by immersion for 
ii longer or shorter period in acidulated alcohol 
(70 per cent, solution plus *25 per cent, solution of 
nitric acid). 

r 3. Haematoxylin-ammonia, Solution of. 

Expose some crystals of Hcematoxylin under a bclPglass 
to tlie action o^^tlie Ammonia gas given off from a strong 
solution. The crystals can then be dissolved in distilled 
water. This reagent must bc^prejfared fresh when re- 
quired. 

14. Iodine, Solution of. 

Prepare a saturated solution of potassic iodide in dis- 
tilled water; saturate this solution with iodine. Filter. 
Dilute to a brown sherry colour. 

It sometimes happens that the iodine and sulphuric 
acid tests for starch and cellulose fail, when dealing with 
fresli material. Under such circumstances a check ex- 
periment should be pcrfcn'mcd, as follows, viz. : — preserve 
in alcohol, transfer to weak solution of caustic potash 
for 6— 8 hours, neutralize with dilute acetic acid and 
tinally stain, as in ordinary, with iodine and strong sul- 
jihuric acid. 

The presence of starch or cellulose should never be 
denied before both the above-named tests have failed. 

1 5. Magenta, Solution of. 

Dissolve I dccigr. of crystallized magenta (roseine) in 
160 cubic centimetres of distilled water: add i cub. cent, 
of absolute alcohol. Keep in a well-closed bottle. 
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1 6. Mayer’s Solution. 

See note, p. 386. 

17. Miiller’s Fluid. 

Bicbronic'ite of potash 25 grammes. 

Sodic sulphate 10 grammes. 

Distilled water i litre. 


18. Osmic Acid, Solution of. 

Best bought ready made in the form of j per cent, solu- 
tion. 

The crystals are supplied in small tubes each containing 
1 gramme. Such a tube should be broken up in 100 c. c. 
of distilled water, great care being taken to avoid contact 
with the resulting vapour. 

This reagent should be kept in a blank stoppered 
bottle, perfeetb' in the dark. 

19. Paraffin. 

See Appendix F. 

20. Pasteur’s Solution. 

See note, p. 384. The amount of water should be 8376 
parts. 

21. Picric Acid, Solution of 

IvIaKe a saturated solution in distilled water. 

22. Picric Acid, Kleinenberg's solution of 

To a cold satur;V;ed solution of the acid add 2 parts of 
nitric or concentrated sulphuric acid. 

Filter, and add to the filtrate three times its bplk of 
water. 

Immersion of from 3 — 5 hours will suffice for most 
preparations. 

23. Potash Solution.* 

Dissolve 5 grammes of potassic hydrate in 100 cubic 
cent, of water. 
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24. Sachs’s Food- solution for green plants. 

Distilled water 1000 cub. cent. 


Potassium nitrate i gramme. 

Sodium chloride 0*5 gramme. 

Calcium sulphate 0*5 gramme. 

Magnesium sulphate 0*5 gramme. 

Calcium phosphate 0*5 gramme. 


To this solution add a trace of a weak solution of ferric 
chloride. The calcium pliosphatc is only slightly 
soluble in water. 

25. Schulze’s Macerating mixture. 

Dissolve I gramme of potassium chlorate in 50 cub. cent, 
of nitric acid. Immerse the tissue in this solution, and 
heat it. The /.issue will then readily break up into its 
constituent cells, their middle lamelhe being dissolved. 

Cold maceration often gives betler results, but takes 
longer. 

Take care that the gases given off from the mixture 
do not injure the inicrosco])e. 

26. Schulze’s Solution. 

Dissolve some zinc in hydrochloric acid; permit the 
solution to evaporate, in contact with metallic zinc, until 
it has attained a syrupy consistence. Saturate the syrup 
with potassic iodide, and then add enough iodine to 
make a dark shcrry-colo©red solution. The object to br 
stained must be placed in a little water, and then some 
of the above solution added. 

27. Silver Nitrate, Solution of.^ 

""Dissolve o’5 grammes of silver nitrate in loo cubic cent, 
of distilled water. Keep in an opaque stoppered bottle. 

28. Sodic Chloride, Solution of. {Normal saline Solnflnn, 
Sail soltcfion.) 

Dissolve 7’5 grammes of sadic chloride in i litre of 
distilled water. 
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F. SECTIONS AND SECTION CUTTING. 

Directions for preparing sections of the vegetable tissues will 
be found incorporated in the text; those which follow apply to 
the animal series alone. 

1. Imbedding. 

All tissues or embryos about to be imbedded, whether 
stained or unstained, should have been first well hardened 
in 90 p. c. alcohol. 

For imbedding, a mixture of hard and soft paraffins is 
most serviceable, such as shall melt at from 50' to 6o^ 
The preparation to be imbedded, if stained, should be 
first soaked in turpentine to saturation ; if unstained, it 
may be transferred direct from the alcohol. In either 
case it must be placed in melted paraffin (the temperature 
of which must not exceed that of its melting point) until 
thoroughly permeated thereby. When ready for imbed- 
ding, take of the solid paraffin a piece of about the 
calibre of a candle and excavate at one end a pit, large 
enough to fully accommodate the preparation ; then 
transfer the latter and fill the pit with melted paraffin. 
Put the whole aside, until quite cool and firmly set. 

2. Cutting. 

For this purpose an ordinary razor will suffice, so far as 
the requirements of this volume are concerned. The 
edge should be kept permanently sharp. 

before cutting, pare away the imbedding material, so 
as to reduce that which surrounds the preparation to the 
minimum, 

3. Mounting. 

Transfer the sections as cut, paraffin and all, to micro- 
scopic slides previously prepared by one of the tw'o 
undermentioned methods, and proceed as directed in 
either case. 
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a. White of egg Diethod. 

Smear the surface of the slide with a thin but uniform 
film of freshly drawn white of egg and deposit the 
sections in order of cutting. Gently heat the slide 
until the paraffin begins to melt and then put it aside. 
When set, put the whole bodily into turpentine and 
leave it until all the paraffin is dissolved out; upon ex- 
amination the sections will be found to be firmly at- 
tached to the glass slide by means of the coagulated 
albumen. 

Immersion in turpentine for an indefinite period 
will do no harm, 

h. Kreasotc and skcUac method. 

Smear the surface of the slide with a heated solution 
of white shellac in Kreasotc. Submit the whole to 
the temperature of the melting point of the paraffin 
until the ki'casote is evaporated, whereupon the 
sections will become firmly adherent to the glass by 
means of the shellac. Next immerse the whole in 
turpentine, and leave it at i*cst until the excess of im- 
bedding material is dissolved out. 

This method is best applicable to pi'eparations 
which have been previously stained and clarified. The 
white of egg ]jrocess is not only the simpler of the two, 
but the more advantageous, as the sections may be cut 
and mounted unstained, that process and the sub- 
sequent clarifying being permissible after fixture to the 
slide. 

4. Final mounting. 

Allow sufficient of the Canada balsam to drop upon the 
sections to fully cover them. When thoroughly diffused 
among them, smear the under face of a cover-slip with 
balsam and place one edge of it upon the slide support- 
ing its body upon the point of a needle; by gradually 
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withdrawing the latter the cover-slip will descend ob- 
liquely expelling the enclosed air. 

Finished preparations should be examined from time 
to time, in order that loss of the mounting medium by 
evaporation may be made good. 

5. To prepare ground sections of shells, hones, or other 
hard parts. 

A small piece of the structure to be manipulated should 
be first isolated and then cemented in the desired posi- 
tion to a piece of plate glass, by means of Canada balsam. 
When firmly set it should be ground down upon a hone 
or rough surface to the required thinness, and finally dis- 
lodged for mounting, by immersing the whole in benzole 
or chloroform. It may then be put yp in Canada balsam 
in the manner described above. 

6. Frozen sections. 

Material for this purpose should be preserved in weak 
glycerine. For the preparation of these sections an ether- 
spray freezing microtome is desirable ; good preparations 
may however be made as follows. 

Obtain a metal rod of the calibre of a candle and 2—3 
inches in length : place the ])reparation (which, unless 
quite fresh, should be previously soaked in gum- water) 
on one end of it and add 6 — 8 times its bulk in ordinary 
fluid gum. Freeze with pounded ice and salt. Cut. 
iM ount in weak, glycerine. 
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A. 

Aiidomkn, 174, I go, T9 2, 238 
Abdominal appeiirLigresj 195, 198; 
• pa})illa, 188, 236 
Acetabulum, 71 

Adipose ti.ssue, histology of, 131 
Adrenal, 24, 52 ^ 

Adventitious buds, 444. 

Afferent branchial vessels, Cray- 
fish, 226 ; Mussel, 328 
Ahe, 477 

Albumen gland, 289; duct of, 290 
Alcoholic fermentation, 377, 383, 
388 

392 * .v/h 43 ^ 

Alimentary canal, Crayhsli, 178, 
207 ; Earthworm, 241, 253,267 ; 
Erog, 10, 15, 45; Mussel, 308, 
320 ; Snail, 274, 28.^ 

Alinasal ])rocess, 13, 64 
Alternation of generations, Chara, 
435 ; Fern, 45 t 

Ambulatory apjiendagcs, 175, 19^ 
Annvba^ 369— 376 
Amceboid movement, 123 
Anabolism, 381 
Anachans^ 442 
Angi^o-splcnial, 62 
Annulus, Fern, 449, 457 ; tym- 
panicus, 118 

Anodoiita cy^^nca^ 305 — 341 
Antenna, 176, 200 
Antemiule, 176, 201 
Anther, 460, 465, 477 
Antheridiuin, Cdiara, 431, 433, 
439; Fern, 450, 458, 466 


Anthcrozoid (see Spcrinatozoid) 
Antijiodal cells, .^79 
Anus, Crayfish, 179; Earthworm, 
241, 249; Mussel. 307; Snail, 
281, 283 

Aorta, Flog, 19, 20, 86; Snail, 
293; anterior. Mussel, 326; 
Snail, 294, 299; posterior, 

Mussel, 326; Snail, 294 
Aortic arches, 20, 85, 89, 92 
Apical *cell, Chara, 432, 438; 

Fern, 448, 455 

Appendages, (diara, 430 ; Cray- 
lishaml Lobster, 174, 176, 177, 
192, 195 ; development of, 237, 
238 

Acpiediict of Sylvius (see Iter) 
A<iue<His humour, 117 
Arachnoid, 10 
Archegoniuin, 450, 459, 466 
Archeiiteron, C rayfisjj, 187, 236 ; 

Frog, 167, 170; Snail, 303 
Arter>, antennaiy, 225; aniero- 
veiural, 224 ; carotid, 18, 20, 
85; cadiac, 88; cfclicao-mcson- 
tcii^, 87, 88 ; common iliac, 87; 
gastric, 125; genital, 87; he- 
patic, 180, 224; hypogastric, 
87 \ inferior abdominal (see pos- 
tero-ventral) ; inferior mesen- 
teric, 87, 88 ; ophthalmic, 224; 
])edal, Mussel, 326 ; postcro- 
vcntral, 225 ; piilmo-cutaneous, 
19, 20, 86; renal, Craylish,2 26; 
Frog, 87; rostro-antennary,225; 
ijplcnic, 88; sternal, 180, 224; 
subclavian, 86 ; superior ab- 
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dominal, i8o, 224; superior me- 
senteric, SS ; vertebral, 86; 
visceral. Mussel, 326 
Arthrolfactcrnim^ 413 
Arth robranchia,*, 22 1 
Arytenoid, 21, 51 
Ascent of sap, 46S 
Asco'^o Ilium, 420, 427 
Ascospore, 420, 427 
Ascus, 420, 427 
Asexual j^eiieration: Fern, 451 
A star Its 173 — 239 

Astragalus, 73 
Atrium, 17, 81, 90 
Auditoiy epithelium, Frog, 145; 
I/)bsler, 232 

Auditory capsule, 59 ; organ : 
Crayfish, 186,230; Cyclas, 331 ; 
Frog, 33, 118 ; development 
of, j6i ; Mussel, 331; Snail, 
276, 300 

Auricle, Frog, 17, 90; Mus^d, 
324; Snail, 275, 284 
Auricular septum, 17,91 
Axil, Jk*an, 460 ; Chara, 431 

r,. 

BacUIus^ 413 
llAt’lKKIA, 408—414 
Jnllaut'hillHH^ 363 
llasipodite, 195 

Fast, Fean, 464, 472 ; Fern, 446, 
4 ,^ 3 ^ 

Fast fdires, 464, 474 
Fast parenchyma, 454, 473 
Fast vessels, 454, 473 
Fkan-plant, 460 — 481 
FkL L- AN 1 M ALC U LK, 3 59— 36S 
Bidder’s organ, 54 
File ducts, 47 
Bipolar ncrve-cell, 139 
Blastoderm, 236 

Blastopore, Crayfish, 1S7, 236 ; 

Frog, J59, 160, 161 ; Snail, 302 
Blood, Crayfish, 226 ; Kartlnvorm, 
245, 2()2 ; Frog, 16, 121; Lob- 
ster, 182; Mussel, 310; Snail, 
276 


Body - cavity, Earthworm, 247, 
252; Frog, dev. of, 169; Hydra, 
349, 351 ; IMussel, 335 
Body-wall, Earthworm, 243, his- 
tology of, 264; Frog, 41, 43; 
Hydra, 344, 349 
Bone, histology of, 129 
Brachial plexus, 103 
Bracken Fern, 443 — 459 
Brain, t i, 24, 96, i 70 
Branch, 430, 443, 460 
Franchia", ('rayfish, 182, 220; 
Mussel, 307, 316, 317, 322, 

335, 336 ; suspensory ligament 
of, 318, 335 ; Tadpole, 5, 6, 16 r, 
162, 164, 171 s 

Bianchial clefts, 3 
Franchio-cardiac canals, iSi, 222 
Franchiostegite, 174, 176, J93, 

^94 . 

Bronchi, 50 

Brownian movement, 408, 4 1 1 
Brow-spot, 35, 36 
Buccal-mass, 285, 286; sac, 241, 

Fu(l, Fean, 460 ; Chara, 432, 438; 
Hydra, 350 

Fuiidle-sheatli, 446, 453 
Byssus, 313, 341 ; organ, 341 

C. 

(h-EcrM, Crayfish, 208; Frog, 16 ; 

Lobster, 208 
Galcaneum, 73 
Calcar, 3, 73 

('alciferous glands, 243, 234 

C^alcium, 379, 403 

Caltha^ 481 

Calyx, 460, 476 

Cambium, 463, 473 

Conipatiula, 481 

('anal cells, 439 

(L’analis centralis, 31 

C'apillaries, 93 

Capilulum, 434 

Capsulogenous glands, 230 

Carapace, 174, 190; development 

of. m 
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Cnr])0- hydrate, 467 
Carbon, 379, 390, 403 
Car1)oiiic anhydride, 381, 390, 402, 
467 

Care Iiesi urn ^ 368 
Carina, 477 
Carotid gland, 8^ 

^^larpopodite, 196 
C!arpus, 71 

Cartilage, ♦ histology of, 129; re- 
placement in bone, 14 
Cartilage bones, 63 
( 'atabolisin, 381 

C'ell-division, hyaline cartilage, 
128; Spirogyra, 399, 405; wall, 
• .379 

('ellulose, 379 
('entrum, 56, 58 
( ephalon, 174 

Cet)!ialothora\', 173, 1*90, 193, 237 
Cere])cllum, 25, 98 
Cerebral hemisphere, 97 
Cerebro-spinal axis, 10, 95 ; de- 
velopment of, j6o, 168 ; nerves, 
ro 

Ceivical groove, 174, 175 
Chara^ 430- 441 
C'hela, 175, 197, 237 
Chill uiydoi oa its, 3 S ( ) 

Chlorophyll, Bean, 465, 467 ; 

Chara, 433; Fein, 447; Hy- 
dra, 344, 345, 356 ; J’rotococ- 
cus, 389; Spirogyra, 397; Vor- 
ticella, 362 

Chlorojdastiil, Hydra, 336 (sge 
also Chiomatophore) 
Chondro-cranium, 12, 63 
Choroid, coat, 33, 117, 300; 

plexus, 27, 100 

Chromalophore, Ih'otococus, 389, 
55^ » .s9.H Spirogyra, 397, 404 
Cilia, Bacteria, 408; C'hara, 434.; 
Fern, 450 ; rrotocoeeu.s, 391, 
394 

Caliary action. Frog, 124; Vorti- 
cella, 366 

C'iliated groove, 323, 338 
Circulation, Craytish, 182 ; Frog, 
19, 92 


SOI 

Circulatory system, Crayfish, 180, 
222; Earthworm, 244, 259; 
Frog, iC), 80; Mussel, 309, 325; 
Snail, 275, 292 

C’irculus venosus pulmonis, 295 
Chrcuin-neiiial arcade, 265 
Circum-ci'sophageal vessels, 243, 
239, 260 
Clavicle, 69 
elite] him, 245, 248 
Cloaca, Frog, 2, lo, 47 ; orifice of 
in Tadpole, 163, 165 
Cnidohlasl, 346, 353 
Cmidocil, J46, 335 
Cocoon, 247 
C'oehlea, 33 
('ollaleral bundle, 463 
CoLOdkLKSS ULOOD CORPUSCLE, 

, I2J, 369, .:572, 375 
C/olumella, Mucor, 421 ; Snail, 

^ 2.S2 ; auris, 33, 34, fio, 63, 119 
(xt^mmi#sures, ant, aisophageal, 
229; Iniccal, 298; ccieliro- 
])edal, Mussel, 330, 339*, Snail, 
297 ; cereliro-splanchnic, Mus- 
sel, 329, 330, 336; Snail, 297; 
rircum - cesophageal, CJrayfish, 
227; Earthworm, 263 ; of brain, 
ITog, 26, 10 r ; inter-cerebral, 
Mussel, 330, 339; lateral neural, 
261 ; longitudinal ventral, Cray- 
fish, 184, 227; Flarthworm, 

263; maxillo - palatine, 106; 
uieilian ventral, 229 ; post-ecso- 
])hngeal, 229 
Concentric bundle, 446 
Condylar facet, 36 
Confffrvoid algiV, 396 
Conidium, 417, 419, 426 
C'onidiophore, 417, 419, 426 
Conifers^ 466 

Conjugation, Amceba, 373 ; Mu- 
cor, 423 ; Spirogyra, 400, 406; 
Vorticella, 363 
Conjunctiva, 44 
Connective rod, 185, 234 
Connective tissue, histology of, 
•126 

Coracoid, 69 
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Cornea, 117, 185, 300; facets of, 

^34 

Corolla, 460, 4/6 
Corpora adiposa, 40, 54 
Corpus callosum, 26, loi 
Corpuscula, 466 
Cortex, 462, 465, 472 
Cortical layer, Chara, 430, 432 
Cothiirnia^ 368 
Cotyledon, 461, 480 
Coxopodile, 195 
Cranium, 63 
Crayfish, i73--'239 
(j-op, JCarthworm, 241, 254; 

wSnail, 274, 284 

Crystalline cone, 185, 233, 234, 
Icn^, 117; Snail, 300, develop- 
ment of, in l'ro»^, 172 
Crystals, Amrcba, 372, Hydra, 353 
Cutaneous glands, 34, 146, 14H; 

Earthworm, 243, 265 
Cuticle, Crayfish, 189 ; t Kartih- 
wonn, 241, 251 ; Hydra, 353; 
Vorticella, 360, 364 
Cuticularijcd cell- wall, 401, 407 
Cyclas, 331 

D. 

1 )ACTYROrOI)n E, 1 96 
Dart, 277, 292 ; sac, 291, 292 
Dentary, 62 
Dermis, 14^'), 147 
Developmenl, Crayfish, 187, 235 ; 
Earthworm, 247 ; Erog, 3, 157; 
Hydra, 344 ; Lobster, 238 ; 
Mussel, 312, 340; Snail, 278, 
302 

Diaphragm, 43 
Dicotyledons, 464 
Digestion, Aimeba, 371 ; Cray- 
fish, 179; Earthworm, 242; 
Hydra, 343, 357 

Digestive gland, Crayfish, 179, 
207, 209, 215 ; Earthworm, 242 ; 
Mussel, 3rJ, 320; Snail, 285; 
development of, 303 ^ 

Digitate gland, 292 
Disc, 364 


Ductus arteriosus, 89; Bolalli, 89 
Duodenum, 45, 46 
Dura Mater, 96 

E. 

Ear (see Auditory organ) 
IOarthworm, 240—271 
Eedysis, 189 

E>todcrin, 236, 303; Hydra, 344; 

histology of, 351, 3 = 2, 353 
Ectoplasm, 124 

Ectosarc, Ainreba, 370, 374; Vor- 
licella, 360, 364 

Efferent hianchial vessels. Cray- 
fish, 222; Mussel, 327 
479 

l^rs'-caiisulc, 235 
Kloiica^ 442 

Embryo, Bean, 461, 480; Fein, 
4a » 

Fhnbryo-cell^, 5, i,s<S 
Embryonic layers, 1 65 
Embryo-sac, 461, 466, 478 
Encephalon, (sec Brain) 
Encystment, Amoeba, 369; Vorti- 
cella, 363 

Endoderm, 236, 303; Hydra, 344 
histology of, 351, 352, 353, 355 
Endolyniph, 33 

hhidophragiiial system, 189, 201 
Endoplasm, 124 
Fhidoplast (sec Nucleus) 
Endopleurite, 194 
Eiidopodite, 177, 193, 239 
Endosarc, Aincelia, 370, 374; 

Vorticella, 360, 364 
Eiidoskeleton, Fiog, 11,55; Snail, 

274 

Endosperm, 466, 479 
Endosternite, 194 
Endotergite, 194 
F'.piblast, 166, 187 
Epidermis, Bean, 462, 473 ; Earth- 
worm, 245, 265; blood plexus 

245; hern, 445» 447* 453 > 
Frog, 12 1, 146 
Epiglottis, 49 
Epimeron, 192, 194 
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Epiostracum, 203, 333 
Epiphrngm (see Ilybernaculum) 
Epipodite, 177, 183, 221 
Episiylis, 36S 
Epithelium, 124 
Kurotium^ 419 
Eustachian recess, 9, 48 
^xcretory organ, Cravflsh, 183; 
* Earthworm, 244; Frog (see 
Kidney^; Mussel (see Organ of 
liojanus): Snail, 275, 283; ori- 
fice, Mussel, 323, 335 
I'xocci])ital, 60, 63, 63 
ICxopodite, 177, 193, 238 
Exoskeleton, Crayfish, 173, r89, 
^ 191 ; Earthworm (sec Cuticle); 
Frog, ir; Mussel, 331, 335; 
Snail, 274, 281; histology of, 
Crayfish, 202; IMussel, 333 
External cliaracters, Cra) fish, 1 73, 
190; ICarthworm, 240, 24S; 
Frog, I, 6, 35; Hydra, 342, 
348; Mussel, 305, 314; Snail, 
272, 280 

Eye, Crayfish, 184, 233; Frog, 2, 
36, 44, 112; Snail, 273, 299 
Eyelids, 2, 3, 36, 44, 112' 
f:yespot, 304 

Eyc-stalk (see Ophthalniite) 

F. 

f'ALClKORM ligament, 43, 44 
Fat, 370 

Fat bodies ('^ee Corpora adiposaj 
Fenestra ovalis, 34, 65 
Fernieiitalioii, Jlacteria, 410; Mii- 
cor, 424; Yeast, 377, 382, 388 
Fern, 443 -459 

Fertilization, Eean, 480; Chara, 
F«-n (see Impregnation); Frog, 
4; Mussel, 312; Snail, 277 
Fibula, 72 
1^'ilament, 460, 477 
Filum terminale, 30, 96 
Flagellum (see Spermatophoral 
glan.l) 

Flower, 460, 476 
Flowering plant, 460 — 481. 


Follicular epithelium, Crayfish, 
220, Frog, 155 
Fontanellcs, 12- -63 
Food yolk. Crayfish and Frog, 187, 

Fool, Fern, 450, 459; Hydra, 348; 
histology of, 346; Mussel, 334; 
Snail, 273, 280; development 
of, 304 

Foramen magnum, 59 ; of Munro, 
26, TOO, lOI 

Foramina for exit of cranial nerves, 
66 

Fourth ventricle, 100 
h'ragmentation of micleiis, 437 
h'RI>:SH\VATF.R POLYrJCS, 343 — 358 
FRf)G, I — 172 
Fronto-parietal, 60 
Fnuyi, 3S2, 416 
Funiculus, 479 

G. 

Gai.l bladder, 45, 47 
Ganglion, abdominal, 227; cere- 
bral, Mussel, 330, 339; Gas- 
serian, 28, 105; parieto-splanch- 
nic, Mussel, 312, 329,338; Snail, 
276, 297; pedal. Mussel, 312, 
339; Snail, 276, 296; spinal, 
102; subcesopliageal. Crayfish, 
184, 228; su])ra a'sophagcal, 
Crayfish, 184, 227; Farlhworm, 
246, 262; Snail, 276, 296; 

sympatliclic, 107; thoracic, 228; 
visceral, 331 
Gastrolitli, 210 

Gast^ila, 187, 236, 247, 278, 302 
Gemmation, 362, 380 
(..enital cloaca, 276, 291 
Genital duel, Crayfish, 206; 250; 
Frog, 40, 53; Mussel, 336; 
Snail, 276 
Genital furrow, 281 
Genital gland, Crayfish, 206; Frog, 
40, 42, 53; Mussel, 336; Snail, 
276, 301 

C^irminal epithelium. Frog, 155; 
Earthworm, 270; spots, Cray- 
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fish, 219; Mussel, 340; vesicle, 
Crayfish, 219; Earthworm, 270; 
Frog, 24, 155; Mussel, 340; 
Snail, 302 

Germination, Ihian, 461; Chara, 
435; Fern, 449; Mucor, 423; 
Penicillium, 41 7, 426; Spirugyra, 
401 

Gills (see Franchise) 

Gir(]le-lx)iie (see Sphencthmoid) 
Chzzard, 241 , 255 
(ilcnoitl fossa, 6H 
Glofliidiuniy 313, 340 
Glottis, 9, 21, 49 
Glycerine, 3<S3 
Glycogen, 151, 31 1, 329 
Green gland, 183, 207, 216 
Grounil parenchyma, 445 
Growing ])oint, Fean, 462; Chara, 
432; Fern, 448 
Guard-cells, 448, 473 
Gullet, Crayfish, 210; Missel, po 
Gustatory organ, 110 
Gymnospernssiy 464 


II. 

JLcmatofomtSy 389 
Ilanlerian gland, 33, 114 
Head segment, 273 
Heart, Crayfish, 180, 181, 206, 
223; Frog, j 7, 40, 43, 80, 89; 
Mussel, 310, 324, 337; Snail, 

275. ' 2 S ^ 

Helix aspersay IT. Jmlcnsisy 2^2 — 
?,04 

Ih'llcboruSy 48 1 
Hepato-pancreas, 180 
Hermaphrodite duct, 276, 289; 

gland (see Ovotestis) 

Ililum, 479 
Hip-girdle, 71 

Homarus 'vulgaris ^ 173 — 239 
Humerus, 69 
Hybernaculum, 272, 282 
Hydra fit sea y viridisy 342 — 358, 
hexactindlay 343 • 

Hydrogen, 379, 403 


Hyoid, 9, 14, 49, 67 
Hypke, 416, 419, 420 
Hypoblast, 167, 187 
Hypoderma, 445 

Hypodermis, \Vorni, (see Epider- 
mis) 

Ilypostomc, 343, 348; histology 


I. 

Tlkum, 45, 46 
Ilium, 72 

Impregnation, Fean, 461; Chara, 
434; Crayfish, 235; lOarth- 
woim, 247; Eern, 450; Hydra, 
34 + 

Tndusiuin, 444, 45^ 
Infia-bianeinal cham])cr, 316 
Infundibulum, 26, 99, 101 
JnfusoruXy 359 

Integument, Crayfi^sh, 204; Frog, 
34 (see also Skin) 

Inter-articular membrane, 201 
Intercellular passages, 44S, 475 
Internal car, i uj 
Internodal cell, Chara, 432 
Internodc, Fean, 460; Chara, 430; 
Eein, 444 

Inter-ocular gland (see Frow- 
spot) 

Interstitial tissue, 352; histology 

„t>f, 354 

Inter- veitcbral foramina, 57 
Intestinal valve, ICarthworm, 242, 
255; Mussel, 321; Frog, 15, 46 
Intestine, Crayfish, 179, 208; 

Earthwonn, 242, 254; Eiog, 39; 
Mussel, 320; Snail, 274, <-286; 
'fadptile, 163 ; histology of, 
Earthworm, 264; Frog, 148 
Intra-vertebral bexlies, 12, 58 
Iris, 1 13 
Iron, 403 
Ischiopoditc, 196 
Ischium, 72 
Iter, 100 



INDEX. 


505 


K. 

Kkbkr’s organ, 319, 334 
Kidney, 22, 40, 41; histology of, 

Kleinenhcrg’s fibres, 352, 353 

L. 

Labial cmtilages, 64 
T.ahial palp^ 307, 316, 321, 338 
J.abrum, 175, 176, 202; develop- 
ment of, 237 

I.amina terminalis, 99, 100 
Large intestine, 10, 15, 39, 41 
]#aryngo-lrachcal cartilage, 21, 51 
Larynx, 21, 49) 5* 

Lateral intestinal vessels, iC)i 
T.ateral neural vessels, 250 
Lateral cesophageal ttiinks, 245, 
260 

Lateral mots, 465, 471 
Lateral ventricle, 100 
l,eaf, bean, 460, 462, 4^5, 474; 
Chaia, 430, 431, 437; Lern, 
44.b 455 

lx*allets, bean, 462, 474; Cliara, 
436; Kern, 443 
/Ainua, 471 
Lesser omentum, 43 
Jdgament, of shell, 306, 332, 333 
Ligamentum lalum, 43 
T.iiy, 477, 478, 48r 
Limb-giidle, 14, 55, 6S 
Jambs, Frog, 2, 36; development 
of 163, 164; Crayfish, 175 
Tdngual ribbon (see Radula) 

I.iver, 16, 39, 43, 47 ; histology of, 

150 

l.OHSTKR, 173 — 239 
I>o\ve? layer cells, 158, 139, 166 
Lumbo-sacral plexus, 103 
lAimbrUiis tc 7 ‘re$fris, 240 — 271 
Lungs, 21,39, 43) 4^b 
lopment of, 164 
T.ymph, 16 

Lymph-cavities, subcutaneous, 37, 
44) 45 

Lymph-hearts, 17, 94 


I>ymph sinus, circum-cesophageal, 
94; sub-vertebral, 8, i6, 42 
Lymph stomata, 126 

M. 

Macrozoospork, 391, 393 
Magnesium, 379, 403 
Mandible, Frog, 9, 62; Crayfish, 
200 

Mantle, 305, 307, 316, 328, 334; 

development f)f, 340 
IMaimbrium, 433 
Manus, 2 

Marginal sinus, 295 
Maxilla, C'rayfish, 175, 199, 213; 
h’rog, 9, 6r 

Maxillipedc, 175, 19^, 197, 199 
Mayor’s solution, 386 
Meckefs caitilage, 13, 67 
Medulla oblongata, 98 
Me#lullafy rays 4^.b -173 
Membrana propria, 220 
Membrane bones, 63 
Membranous labyrinth, 33, 119, 
120 

Meiito-Meckelian lionc, 62, 67 
-^Jeristem, 455, 462, 464 
Meropodite, 196 
Mesencephalon, 98 
Mesenteric septa, 243, 252, 265 
Mesenteron (see Arehenteror.) 
Mesentery, 8, 39, 42 
Mesoaiiimi, 42 

Mcsoblast, Karth\sorm, 247; Frog, 
167, 169, 170 
MeM>glnDa, 347, 352, 356 
Mesoifliyll, 456, 465 
Mesorehium, 42 
Metabolism, 381 
Mctacarpals, 70 
Metastoma, 175, 176, 202, 213 
Metatarsals, 73 
Mctencephalon, 98 
Micrococats ^ 4 1 3 

Micropyle, Bean, 461, 478; Mus- 
sel, 312, 339 
Mitrozoospore, 391, 394 
Monoecious conjugation, 401 
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Moulds, 415—429 
Mouth, Crayfish, 175, 202 ; Earth- 
worm, 249; Frog, (), 44, 48; 
Hydra, 343, 348; Mussel, 306, 
3 / 7 ^ 321, 338; Snail, 274, 281; 
Tadpole, 161, 163. 

Miicor, 420; 'rorula of, 424 
Multinuclcale cells, 417 
Multipolar nerve-cell, 141 
Muscles, aljdominal, Crayfish, 205, 
207; adductor. Mussel, 306, 
3Cs, 337; anal, 215; of body 
wall, Kiirthworm, 265; of buc- 
cal mass, 2 86 : coluinellar, 282 ; 
constrictor laryngis, 50; ofc)e, 
33, 113; of cyestalk, 233; of 
hind limb, Frog, 74—80; of 
hyoid, 50; limb. Crayfish, 204; 
mandibular, 205, 207; mylo- 
hyoid, 37; obliipic of trunk, 38; 
pallial, 315; pectoral, 37; pe- 
dal, Mussel, 315, 339* of 
Earthworm, 266; of stomach, 
Crayfish, 178, 213; transver- 
sal is, 38 

Muscle, histology, striped, 133; 

uiistriped, r32; physiology, 156 
Muscular system, Crayfish, 204,*' 
I'rog, 24 

Musskl, 305- -341 
Mycelium, 416, 422, 425 
Myelon Isee Spinal cord) 

Myophan layer, 364 


N. 

Narks, 2, 9, 48, 1 1 1 ' 

Nasal, 60 

Nematocysts, 344, 346, 350; his- 
tology and development of, 354 
Nephridium (see Segmental organ), 
blood idexus of, 258 
Nephrostome, Eartluvorm, 244, 
256, 257 ; Frog, 54 
Nerve, histology of, C'rayfish, 229 ; 
Earthw'orm, 264; Frog, 136; 
physiology, 156 

Nerve-cells, Crayfish, 230; Earth- 


w’orm, 246, 264, Frog, 139; 
Hydra, 346, 355 

Nerves, ist Cranial (olfactory) 27, 
105; 2nd Cranial (optic) 27, 
105 ; 3rd Cranial (oculomotor) 
27, 105, 114, 116; 4th Cranial 
(pathetic), 28, 114, 116; 5th 
Oanial (trigeminal), 28, la;,,; 
6th Cranial (abducent) 29, 115, 
r 16; 7tli Cranial (fac?<d), 29, loh, 
109; 8th Cranial (q,uditory), 29, 
107 ; 9th Cranial (glossopharyn- 
geal), 30, 104, 106; 10th Cranial 
(vagus or pneumogastric), 30, 106, 
108; antennary, 2 28; anten- 
nulary, 228; buccal, 276, 29^; 
ganglionic, ICarthw’orm, 263, 
Crayfish, 227; hypoglossal, 31, 
103; interganglionic, Earth- 
worm, 2^63 ; ('rayfish, 227; la- 
bial, Snail, 299; maxillo-man- 
dibular, 105 ; ophthalmic, 105; 
optic, Crayfish, 228 ; vSnail, 300; 
pallial, Mussel, 329 ; Snail, 297 ; 
palatine, 106; recurrenl laryn- 
geal, no; spinal, 31, 96, 102; 
splanchnic, 107, no; sympa- 
thetic, 32, 107; tentacular, 

299; vaso motor, 108; \isceral, 
Crayfish, 229; ICarthworm, 263 ; 
Snail, 297, 298 ; viscero-motor, 
loS 

Nervous system, Crayfish, i8^, 
227; Earthworm, 246, 262; 

, Frog, 10, 24, 95 ; Mussel, 312; 
Snail, 276, 296; sheath of. 

Earthworm, 263; Snail, 296 

Nettle, 442 

Neural arcli, 56; canal, 56, 59; 
cavity, 10, 41 ; folds and plate, 
160, 168 

Neurochord, 246, 263 

Neurosensiferous apparatus. Hy- 
dra, 346 

NitcUiiy 436, 440 

Nitrogen, 379, 403 

Nodal cell, 432 

Node, Ilean, 460, 473 ; Chara, 
430 ; Fern, 444 
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iVotochord, n, 168, 170 
Nucelliis, 460, 478 
Nucleolus, 123, 389, 393, 399 
Nucleus, 122 ; Amceba, 370; lk*an, 
461; Chara, 433, 434; Fern, 
444; Mucor, 421 ; Fenicillium, 
417; Protococcus, 389, 391, 
»C*9.r» Spirof^yia, 398, 404; V<jr> 
ticella, 362, 365 ; Veast, 379 
Nyctothcni^^ 368 

C 

O. 

r)(x:iPiTAL condyle, 39 
Odontoid piocess, 36 
Oelontophore, 274, 287, 288 
(Knot herd, 480 

( lilsophagcal glands (see Calcifer- 
ous glands) 

(Esophagus, Earthworm, 254, 255; 
Frog, 43; Snail, 27^, 285 (see 
also (lullet) 

Oil, 407 

Olfactory capsule, 64; c])ilheliuni, 
144; lobe, 97; organ, Crayfish, 
184, 232, Frog, 32, in; ven- 
tricle, TOO 
Omosterniini, 69 
Oogonium, Chara, 431, 434, 439 
Oosphere, 450, 461 (see also 

Ovum) 

Oos[)orc, 434 

Opercular membrane, 6, 162; de- 
velojunent of, 163, 171 
Ophthalmite, 176, 201 ^ 

Optic bulb, 233, 234 ; chiasma, 
99; cujg 172; lobes, 23, 98; 
])it, 237; staik, 172; thalami, 
26, 98 ; tiact,99; ventricle, 100 
Organ of Bojanus, 311, 322, 335, 

i37*. 

Os cruris, 72 

(Jssiclos, Crayfish stomach, 178, 
208, 2 10 

Otocyst, 300, 331 
Otolith, C'rayhsh, 231; Cyclas, 
331 ; Frog, T2o; Snail, 300 
Ovary, Crayfish, 186, 218; Earth- 
worm, 269 ; Flowering plant, 


478; Frog, 23, 40, 52, i!4; 
Hydra, 344, 357; Lobster, 219 
Oviduct, Craytish, 218; Earth- 
worm, 269; Frog, 23, 40, 33, 
54; Snail, 290, 292 
Ovisac, 219 

Ovotestis, 276, 285, 289 
Ovule, 460, 478 

Ovum, Bean, 461, 466, 479; 
C'hara,434; Craylisli,2 19; Eaith- 
worm, 246, 270 ; Fern, 430, 
439; Frog, 5, 24, 1 34; Hydra, 
357; Mussel, 312, 339; 
Snail, 277, 302 
( )xygen, 379, 390, 403 

P. 

1‘Ai.A'nNK, 6r 

Pa!ato-([uadrale cartilage, 63 
Ikilisade ])arenchyma, 463, 475 
Palljum (^oe Mantle) 

Pancreas, 43 ; ducts of, 47 ; his- 
tology of, 149 
PapilLv, of longue, 3^, in 
Paras[)hen(3i(l, 6i 
Parenchyma, 433, 454 
t-Vasteur's solution, 380, 384 
JVctoral arch (^ee Shriiilder girdle) 
Pedal gland, 273, 281, 288; sinus, 
289, 294 
Peduncle, 476 
Pelvic an h (sec Hip girdle) 

J\ 7 i in'/// /////, 4 1 6 

Pericardium, Ciayhsli, 1S2, 222; 
Frog, 8, 40, 43; Mussel; 310, 

319. 33r. 337; ^7f. 

Perigaflghonic glands, 32, 103 
l^Tilymph, 34, 119 
Periotic capsule (see Auditory 
capsule) 

Pcnstonie, 360, 364 
Peristomium, 249 
Peritoneal jiores, 244, 230 
Peritoneum, Frog, 42; Earth- 
worm, 243, 26(3 
Peril reme, 282 
I ’cif visceral fluid, 244, 233 
Pcs, 3 
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Petal, 476 
Petiole, 462, 474 
Phalan<;es, maims, 70; pcs, 73 
Pharynx, JCaithwoim, 241, 253. 
^ 55 ; 5 

Phloem, Pean, 463, 472; Pern 

446, 44S, 449, 453 
T'hloem-sheath, 447, 453 
Phosphorus, 379, 403 
i’holometnc /oospores, 395 
J*ia mater, 27, 96 
Pineal ^laiul, 26 
i’innule, 443, 447 
Pistil, 460, 478 
JMth, 462, 472 

Pits 472 

Pitted vessels, 464, 473 
Pituitary body, 26, 99 
Plasmolysis, 397 
Plcomoriduc Bacteria, 41 1 
PleurobranchicV, 221 

I’l.KUKOCOCCl'S, 3 89 • , 

Pleuron, 192 

Ideiiropcritoneal cavity, 7, 39, 41; 

membrane, 8, 42, 43 
Plexus, brachial, 31 ; epidermal, 
245; excretory, 261; lumbo- 
sacral, 31, 103 
Plumule, 461, 480 
Pod, 461 

PodubranchiLV, 220 
]\)lar plate, 1 39 
Pollen, ^6o, 465, 477 
Pollen-sac, 465, 477; tube, 461, 
4S0 

Pollinodium, 420 
Pore-canals, Ciayfish, 203; Mils- 
sel, 341 

Posterior commissure, 10 1 
Potassium, 379 
Pre-hallux (see Calcar) 
Pre-maxilla, 9, 60 
Pre-nasal process, 13, 64 
Primine, 478 
Primordial cell, 391 
Primordial utricle, 397, 404, 417, 
433 , . 

Procephalic process, 202 ‘ 

Processus spiralis, 140 


Pro-embryo, 435 
Pro-otic, 60 
Propod lie, 196 

Pro-rcnal duct (see Segmental 
duct) 

Prosence])halon, 97 
Prostate, 290 
Prostomium, 249 
Protein, 379, 390, 467 
Proteus animalcule, 3^9--37<> 
Prothalliis, 450, 457/ 466 
1*R( iToo icc: II s, 389 — 395 
Protophloein, 447, 454 
l*rotoplasin, 379 

Protoplasmic movement, Anacha- 
ris, 442; Chara, 440; IS'clt’e- 
hair, 442 ; 'J'radescantia, 441 ; 
Vallisncria, ^42 
IVotopodite, 177, 193, 239 
Protoxylera, 446, 454, 472 
P.scudo-hearls (see Circum-oeso- 
phageal vessels) 

Pseudopodia, 122, 370, 374 
Pieris^ 443 -459 
i^terygoid, 6[ 

Pubis, 71 

Ihdinonary sac, 274, 282 
I’utrefaction, 410 
l^ylangium, 18 
J‘yloriis, 15, 46 
Pyreiioid, 398, 404 

.Ottadratk, 65 
uad rat o -jugal, 61 

U. 

Rachis, 288 
Radial bundle, 465 
Radicle, 461, 480 
Ratlins, 70 

Radula, 287 ; sac of, 285 
Rana esculent a — temporaria^ i — 
172 

Receptaculum ovorum, 269 
Receptaculum seminis, 292 
Rectum, Mussel, 337 ; Snail, 283 
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Renal organs (see Excretory organ 
anct Kidney) 

Renal vessels, Snail, 29.; 
Reno-jiericardial ajxniurc ; Mus- 
sel, 324, 335; duct, Snail, 275, 

284 

Reproduction, Amcelja, 373 ; Cray- 
fesli, 187; lOartliwonn, 247 ; Frog, 
^5; Hydra, 343; Mucor, 423 ; 
Mussel, 3’'2 ; Snail, 277; Spiio- 
gyra, 400, 406; V'orlicella, 362 
Reproductive organs, Bean, 465 ; 
Cliara, 433 ; Ciayfish, 18O, 217 ; 
Rlarth worm, 246, 268; luirotium, 
419 ; Fern, 449, 456, 458 ; Frog, 
.23,51; Hydia, 349, 357; Mu- 
cor, 421, 423 : Mussel, 312, 320 ; 
I'enicillium, 419 ; Snail, 276, 289 
Respiration, Bean, 469 ; Fraylisli, 
183 ; Ivarthwonn; 245^; Fiog, 3, 
22; Mussel, 308; Snail, 275; 
Yeast, 383 

Respiratory organs, ('raylish, 182, 
207, 221 ; Frog, 21, 48 ; Mussel, 
307, 322; Snail, 275, 282 
Rest dorm body, 25 
Retina, 33, 118; development of, 
172; histology of, 141a 
Rhinal jn'oeess, 13, 64 
Rhinencephalon, 97 
Rhizoid, 431 
Rhizome, 443 

Root, Bean, 460, 465, 470 ; Fern, 
448, 452, 456 
Root-cap, 448, 463, 471 
Root-filamenls, Chara, 430 
Root-hairs, 448, 449, 458, ^ 6 ^ 
Root-pressure, 469 
Rostrum, 190, 238 

^ S. 

Sac (see Cell-wall) 

Saccharomyt cs^ 377 — 388 
Sacculus, 33, 120 
Sacrum, 57 

Salivary duct, Snail, 285, 288 ; 
gland, Earthworm, 242 ; Snail, 

285 


Scalariform vessels, 446, 455 
Scaphognathite, 174, 182 
Scapula, 69 

Schizomycctcs^ 408 —414 
Sclorciichyma, 446, 453, 454, 472 
Sclerotic, 33, 1 17 
Secondary tlnckening, 4(54 
Seciindinc, 478 
Seed, 479 

Segmental duct, 169 ; organ, 244, 
251, 252, 256 

Segmentation, cavity, i 65 ; of 
ovum, Crayfish, 1S7, 235 ; 

Eaithworm, 247; Frog, 5, 15S, 
165; Mussel, 312; Snail, 278, 

30 i 

Scla^indla, 466 

Seminal recejilacle (see Sperma- 
theca) ; vesicle, 246, 268 
Sense-organs, Earthworm, 246 ; 

Hydra (see Cnidocil) 

^ciJal, 47/1 

Septum naiiiim, 13, 66, iii 
Seta, Crayfish, 203 ; Earthworm, 
241, 249, 251, 266; sac of, 2^1, 
266 

Se\-organs (see Reproductive 
^.organs) 

Sexual generation, Fern, 457 
Sexual reproduction, 400, 402, 
4 ‘ 9 . 4 -’,^ 

Shell (see Exoskcleton) 
Shell-teeth, 340 
Shoulder-girdle, 68 
Sieve-tubes, Bean, 464, 469, 473 ; 

Fern, 447, 454, 455 
Sinus venosus, 17, 81, 90 
Siphoiml tentacles, 317 
Siphons, 307, 317 
Skeleton, Crayfish, 173, 189; Frog, 
55 

Skin, Frog, histology of, 145 
Skull, 12 

Small intestine, 10, 15, 39, 45 
Snail, 272 — 304 
vSomite, 174, 177, 240, 248 
Sooty corpuscles, 356 
Sor^is, 444 

Spennallieca, 250, 268, 292 
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Spermatophoral gland, •217, -291 
iSpermatophoa*, Crayfish, 235 ; 
Snail, *277 

Sperrnatozoid, Chara, 434, 440 ; 
Crayfish, -218; Earthworm, 246, 
Fern, 450, 458; Frog, 23, 154; 
Hydra, 344, 357 ; Mussel, 312; 
Snail, 277, 301 ; development 
of, 270 

Sperm-capsule, 235 
Splienethmoid, 61, 63, 66 
Spiculum amoris (see Dart) 

Spinal cord, ri, 25, 30, 96; histo- 
logy of, 140 
Spinous process, 56 
Spiral ves^el, 446, 455, 464, 473 
spirillum ^ 40S, 413 
SpirorJitcfe, 4 1 3 
SPlROdVKA, 396 — 407 
Splanclmie cavity (see Pleuro- 
])eritoueal cavity) 

Spleen, i6, 40 

Spongy parenchyma, 465, 475 
Sporangium, Fern, 44.1, 449,456; 
Mucor, 420, 427 

Spore, IJacteria, 409 ; l^'ern, 444, 
449 ’ 4 r 71 Mucor, 421, 42S; 
I’enicillium, 417; Veast, 38c, 
386 

Scpiamosal, 60 
Stamen, 460, 477 
Starch, 389, 398, 402, 433, 445 
Stem, Uean, 460, 471 ; Cliara, 430, 
436; Fern, 443 
Sternal sinus, 226 
Sternum, 192, 194 
Stigma, 460 
Sti})ule, 474 

Stoma, llcan, 462, 464, 473; Fern, 
448, 456 

Stomach, Crayfish, 178, 208; 
Frog, 15, 39, 46; Mussel, 320, 
33S ; Snail, 2S5 
Stomatodieum, 171, 303 
SroNKWOR'i's, 430 — ^41 
Stratification, 404 
Striated spindle, 185, 233, 234 
Style, 460, 478 

Sub-intestinal vessel, 245, 260 


Sub-ncural vessel, 245, 260 
Sub-ocular arch, 63, 64 
Sub-tentacular lobe, 279 
Succinic acid, 383 
Suckers, 160, 162 
Sulphur, 379, 403 
Supporting lamella (see Meso- 
gla'a) 

Supra-branchial chamber, 307,318, 
337 

Supra-iliiim, 72 

Suiira-inlestinal vessel, 245, 259, 
260 

Supra-ncural vessel, 245, 259 
Su]u'a-hcajnila, 69 
Suspensoriiim, j,;, 6^, 65 
Svviinmerets, 192 
S^nanguim, iS 
Synergidec, 479 

T, 

Tadpole, 5, 162 
Tail, 162, 165 
Tail fill, 162 
'farsus, 73 

Teeth, Crayfish stomach, 17S, 21 1, 
212 ; Frog, 9, 15, 48 
Telson, 174, 190, 194 
'lendon, 74, 189 
Tendril, 474 

Tentacles, Hydra, 34?, 34S ; de- 
V el o] un en t o f, 3 5 1 ; 1 1 i s t u 1 ogy o f, 
349’ 352; ^Snaii, 273, 280, 299 
Teigum, 192, 194 
Testa, 479 

I'estis, Crayfish, 217; ICarthworm, 
269 ; Flog, 23, 40, 53 ; histology, 
153; ilydra, 357; Mussel, 312 
'rhalameucephalon, 25, 98 
Thoraco-abiloiuinal linkwoik, 202 
Thorax, 174 

Thread cells (sec Nematocysts) 
I'hymus, 24 
Thyroid, 24 
Tibia, 72 

Tongue, 9, 34, 44, 49 
Torula, i77—3SH 
1 'radcsca }itia , 441 
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Transverse process, 56 
Trochal ridge, 279, 303 
Trochosphcre; 279, 303 
Trimcus arteriosus, 17, 19, 8r, 91 
Tuber cinereum, 99 
Tubular fibres (see Neurochord) 
Tympanic cavity, 9, 33 ; mem- 
brane, 2, 9, 33 

l-f'phlosolc (see Intestinal valve) 

U. 

Ulna, 70 
Umliilicus, 282 
Umbo, 332 
Uncini, 2S8 
lliiguib, 477 
Unu\ 305 

Unipolar nerve-cell, 139 
Upi^er layer cells, 158,^13^^, j 66 
Ureter, 48 

Urinary bladder (sec U rocysl) 
Urino-genital duct, 48, 52, 54; 

organs, 51 
Urocyst, 23, 39 
Urostyle, 12, 35, 38, 59 
Utriculus, 33, 120 

V. 

VACUOLL,("hara, 437,438; Miicor, 
421, 428 ; renicillium, 417, 423, 
426 ; rrotococcus, 393 ; Spiro- 
gyra, 397, 398, 404 ; Trades- 
cantia, 441 ; Yeast, 378, 384 
Vallisneria^ 442 

Valves, of lieart. Crayfish, 223 ; 
Frog, 18; Mussel, 325, 337; 
wSnail, 293 

Valves, of stomach, Crayfish, 2ri, 
212^ of shell (sec Kxoskeletoii) 
Vasa elTerentia, 23, 54 
Vascular bundle, Jlean, 463 ; Fern, 

446. 453 

Vas deferens, Crayfish, 217; Earth- 
worm, 268; Frog, 23; Snail, 291 
Vein, afferent hepatic, 82 ; afferent 
renal, 20, 83 ; anterior abdo- 
minal, 20, 37, 38, 44, 82 ; ax- 
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illary, 83 ; cystic, 82 ; dorso- 
lumbar, 83 ; duodenal, 88 ; 
efferent hepatic, 20, 84 ; effer- 
ent renal, 20, 84 ; epigastric, 82 ; 
external jugular, 84; femoral, 
83 ; gastric, 88; genital, 20, 84; 
great cutaneous, 20, 37, 83 ; 
hxmorrhoidal, 88 ; hepatic-por- 
tal, 20, 82, 87 ; inferior cava, 

17, 20; innominate, 83; in- 
ternal jugular, 83 ; lieno-intesli- 
nal, 88 ; lingual, 84 ; ovidiieal, 
83 ; pelvic, 82 ; posterior car- 
dinal, 169; pulmonary, Frog, 

18, 21, 83; Snail, 292; renal 
]H)rtal, 20, 83, 89 ; sciatic, 83 ; 
subclavian, 83 : superior cava, 
17, 20 ; superior mesenteric, 88 ; 
vesical, 82 

Veliger, 279, 304 
Velum, 279, 304 

Vei^')Us ^system. Crayfish, 18 1 ; 
hrog, 20; Mussel, 328; Snail, 
294^ 

Ventricle, Frog, 17, 8r, 91 ; Mus- 
sel, 324 ; Snail, 273 
Ventricles of brain, 26, too 
.^eronica^ 480 

Vertebral body (see Centrum) 
Vertebral column, ri, 35 
Vesicle, contractile, Amoeba, 370, 
374; Vorticella, 361, 363; of 
egestion, Aimeba, 371 ; Vorti- 
cella, 362; of ingestion, Amceba, 
371; Vorticella, 362 
Vesicula seminalis, 32 
Vessel, Bean, 464 ; Fern, 446, 455 
Vcstil'^Ium, 360, 364 
Vexillum, 476 
Vibrio, 409, 413 
Vuia, 460 — 481 

Visceral arch, i6o, t6j, 164, 170; 
cleft, 164, i7r; pouch, 170, 171; 
sac, 273 

Visual organ (see Eye) 

Vitellus, 24, 270 

Vitelline membrane, 135, 220, 270, 
Vitreous humour, 117 
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Vocal sac, 9> 51 ; ligament, 21 
Vorticella^ 359, 368 

W. 

Wood, 446, 454, 463, 472 
Wood-cells, 473 

X. 

Xll’inSTERVUM, 69 

Xylcm, lican, 463, 464, 473; 

Kern, 4+6, 448, 449, 454 
Xylem-parencliyma, 455 


V. 

Yeast, 

Yellow-brown tissue, 242, 243, 267 

Z. 

Zv)NITKS, 241, 248 
Zooglcjca, 409, 412 
Zoospores, 391, 393 
Zygnpopliyses, 

Zygospore, Mucor, ^23; Spin^- 
gyra, 401,407 
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CLASSiCS. 

ELEMENTARY CLASSICS. 

iSiiiO, Eiglitcciipcncc each. 


This Series falls into two Classes — 

( 1 ) First Rcaclinjr ]]ooks for ]jeginners, provided nol 
only with Introductions and Notes, but with 
Vocabularies, and in some tJasci? with Exercises 
based upon the Text. 

( 2 ) Stepping-stones to the study of particular authors, 
intended for more advanced students who are beginning 
to read such authors as Terenc<?5’4dato, the Attic J)ramatists, 
and the harder parts of Cicero, Horace, Virgil, and 
Thucydides. 

TIkisc are provided with Introdiico'ons and Notes, but 
no Vocabulary. The Tublishers have been led to pro- 
vide the more strictly Eleineluary Books Avith Vocabularies 
by the representations of many teachers, who hold that be- 
ginners do not understand the use of a Dictionary, and of 
others who, in the case of middle-class schools where the 
cost #f books is a serious consideration, advocate the 
Vocabulary system on grounds of economy. It is hoped 
that the two parts of the Series, fitting into one another, 
may togetlier fulfil all the requirements of lilementary and 
Preparatory Schools, and the Lower Forms of Public 
Schools. 

b ^ 


|in,T9.87. 
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MACMILLAN’S EDUCATIONAL CATALOGUE. 


The following Elementary Books, with Introductions, 
Notes, and Vocabularies, and in some cases with 
Exercises, are either ready or in preparation: — 

Aeschylus.— PROMETHEUS VINCTUS. EcL.c^dby Rev. II. 
M. Stephknson, M.A. 

Arrian.— THE expedition of Alexander. Selections 

adapted for the use of Reginners, and edited, with Introduction, 
Notes, Vocabulary, and Exercises, by JOHN Bond, M.A., and 
A. S. Walpole, M.A. \In preparation, 

Csesar . — the Helvetian war. Being Selections from 
Book I. of the “ De Bello Gallico.’’ Adapted for the use of 
Beginners. With Notes, Exercises, and Vocabulary, by W. 
Welch, M.A., and C. G. Dufeield, M.A, 

THE INVASION OF BRITAIN. Being Selections from Books 
IV. and V. of the “De Bello Gallico.” Adapted for the use of 
Beginners. With Notes', Vocabulary, and Exercises, by W. 
Welch, M.A., and C. G. Duffield, M."A. 

THE GALLIC WAR. BOOK I. Edited by A. S. Walpole, 
M.A. 

THE GALLIC WAR. BOOKS TL and III. Edited by the 
Rev. W. G. Rutherford, M.A., LT..D., Head-Master of West- 
minster School. 

THE GALLIC WAR. BOOK IV. Edited by Clement Bryans, 
M.A., Assislanl‘Mastcr at Dulwich College. 

THE GALLIC WAR. SCii^NKS FROM BOOKS V. and VI. 
Edited by C. Colreck, M.A., Assistant- Master at Harrow ; 
foimerly Fellow of 'i'rinity College, Camlnddge. 

THE GALLIC WAR. BOOKS V. and VI. (separately). By 
the same Editor. Book V. ready. Book VJ, in preparation, 
THE GALLIC WAR. BOOK VII. Edited by John Bond, 
M.A., and A. S. Walpole, M.A. 

Cicero. — DK SENKCTUTE. Edited 1>y E. S. SHUcicBURon, 
M.A., late Fellow of Emmanuel College, Cambridge. 

DE AMICrriA. By the same Editor. 

S'J OKIES OF ROATAN HISTORY. Adapted for the Use of 
Beginners, With Notes, Vocabulary, and Exercises, by the Rev. 
G. E. Jeans, M. A., Fellow of Hertford College, Oxford, and 
A. V. Jones, M.A., AssFtant-Masters at Haileybury College. 
Eutropius . — Adapted for the Use of Beginners. With Notes, 
Vocabulary, and Exercises, by William Welch, M.A., and C. 
G. Duffield, M.A., Assistant-Masters at Surrey County School, 
Cranleigh. 

Homer. — ILTAD. book I, Edited by Rev. John Bond, M.A., 
and A. S. Walpole, M.A. 
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Homer.— ILIAD, bookxviii. the armsofachilles. 

Edited by S. R. James, M.A., Assistant- Master at Eton College. 
ODYSbKY. BOOK I. Edited by Rev. John Bond, M.A. and 
A. S. Walpole, M.A. 

Horace.— ODES. BOOKS I. —IV. Edited by T.E. Page, M. a., 
*^late Fellow of St. John’s College, Cambridge ; Assistant-Master 
at the Ctiarterhouse. Each is, 6d, 

Livy.— BOQK I. Edited by II. M. Stephenson, M.A., Head 
Master of St. Peter’s School, York. 

THE HANNIBALTAN WAR. Being part of the XXT. and 
XXII. BOOKS OF LIVY, adapted for the u.so of beginners, 
by G. C. Macaulay, M.A., late Fellow of Trinity College, 
• Cambridge. 

THE SIEGE OF SYRACUSE. Being part of the XXIV. and 
XXV. BOOKS OF LIVY, adapted for the use of beginners. 
With Notes, Vocabulary, and I'.xcrcisos, by George Richards, 
M.A., and A. S. Walpole, M.A. 

LEGENDS OF EARLY ROME. Adapted for the use of begin- 
ners. With Notes, Exercises, and WacJIbulary, by Herbert 
Wilkinson, M.A. [/ u preparation , 

Lucian. — extracts from I.UCIAN. Edited, with Notes, 
Exercises, and Vocabulaiy, by Rev. John Bond, M.A., and 
A. S. Walpole, M.A. 

Nepos.— SPil.ECTIONS ILLUSXR.ATIVE of GREEK AND 
ROMAN HISTORY. Edited lor the use of bepnners with 
Notes, Vocabulary and Exercises, by G.'S. Farnell, M.A. 
Ovid.— SELECTIONS. Pidited by E. S. Shuckburgh, M.A. 
late Fellow and Assistant-Tutor of Emmanuel College, Cambridge. 
EASY SELECTIONS FROM OVID IN ELEGIAC VERSE. 
Arranged for the use of Beginners with Notes, Vocabulary, and 
Exercises, by Herbert Wilkin-son, M.A. 

STORIES FROM THE MlVn\MORITIOSES. Edited for the 
Use of Schools. With Notes, Exercises, and Vocabulary. By 
J. Bond, M.A., and A. S. Walpole, M!rA. 

Phaedrus.— SELECT fables. Adapted for the Use of Be- 
ginners. AVith Notes, Exercises, and Vocabularies, by A. S. 
WApole, M.A. 

Thucydides. — THE RISE OF THE ATHENIAN EMPIRE. 
BOOK I. cc. LXXXIX. — CXVII. and CXXVIII. — 
CXXXVIIT. Edited with Notes, Vocabulary and Exercise.s, by F. 
H. Colson, M.A., Senior Classical Master at Bradford Grammar 
School ; Fellow of St. John’s College, Cambridge. 

Virgil.— AiNEID. BOOK I. Edited by A. S. Walpole, M.A. 
ASNEID. BOOK IV. Edited by Rev. II. M, Stephenson, 
M.A. \In preparation* 
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Virgil — AJNEID. BOOK V. Edited by Rev. A. Calvert, 
M. A., Lite Fellow of St. lohn's Collette, Cambridge. 

^.NEID. BOOK VI. Edited by T. E. PAOii:, M.A. 

[/« preparation^ 

iENElD. BOOK IX. Edited by Rev. H. M. Stephenson, 
M . A . \In the press » 

GEORG ICS. BOOK T. Edited by C. Bryans, M.A. 

[/« preparation, 

SELECTIONS. Edited by E. S. Shuckruroii, MI'A. 
Xenophon. — anabasis, book I. lullled by A. S. 

Walpole, M.A. 

SELEC'riONS FROM ANABASIS. BOOK I. Edited for Bic 
use of B(‘ginners, with Note>,, Vocabulary, and Exercises, by* E. 
A. Well.s, M.A., As.sistant Master in Durham School. 
SELEC'ITONS EROM ANABASIS. BOOK IV. Edited for the 
use of Bei'inncrs, uilh Notes, Vocabulary, and PN'ercises, by Rev. 
E. D. Stone, IvI.A., formerly Assistant-Master at Eton. 

{In preparation, 

SELECTIONS FROM' THE CYR0ILP:DIA. Edited, with 
Notes, Vocabulary, and ICxerci'-cs, 1)y A. TI. CooKK, M.A., Fellow 
and Lecturer of King’s College, Cambridge. 

The following more advanced Rook-s, with Introductions 
and Notes, but no Vocabulary, are either ready, or in 
preparation: — > 

Cicero. — .SEI.ECT I.ETTERS. Edited by Rev. G. E. Jeans, 
M.A., I'cllow of Hertford College, Oxford, and Assistant- Master 
at llaileybury College. 

Euripides.--[II';cUliA. Edited by Rev. JouN Bo.nd, M.A, 
and A. S. Walpole, M.A. 

Herodotus, — selections"erom books vii. and viil, 

THE EXi-EDI ITON OE XEK.XES. Edited by A. H. Cooke, 
M.A., Eellow and Losturerof JCing’s College, Cambridge. 

Horace, — selixtions from the satires and 

EPIS'rLPLS. Edited by Rev. W. J. V. Baker, M. A., Fellow of 
St. Tolin’s College, Cambridge. 

SELPXr P:P0DES and ARS POETTCA. Edited by H. A. 
Dalton, M.A., fonnerly Senior Student of Christchurch ; A.s.si,stant- 
Mastcr in Winchester College. 

Plato.— KUTHYPHRO AND MENEXENUS. Edited by C. E. 
Graves, M.A., Classical Lecturer and late Fellow of St.John’s 
College, Cambridge. ^ 

Terence.— SCENES FROM THE ANDRIA. Edited by F. W. 
Cornish, M. A., Assistant-Master at Eton College. 
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The Greek Elegiac Poets.— from callinus to 

CALLIMACHUS. Selected and Edited by Rev. Herbert 
Kynaston, D.D., Principal of Cheltenham College, and formerly 
Fellow of St. John’s College, Cambridge. 

Thucydides. — BOOK IV. Chs. L— XLI. THE CAPTURE 
.•OF SPHACTERIA. Edited by C. E. Graves, M.A. 
Virgil.— pEORGICS. BOOK II. Edited by Rev. J. II. Skrine, 
M.A., late Fellow of Merton College, Oxford; Assistant-Master 
at Uppingham. 

Other Volumes to follow. 


CLASSICAL SERIES 
FOR COLLEGES AND SCHOOLS. 

• Fcap. 8 VO. 

Being select portions of Greek and I.atin authors, edited 
with Introductions and Notes, for*the*use of Middle and 
Upper forms of Schools, or of candidates for Public 
Examinations at the Universities and elsewhere. 

Attic Orators.— Selections from ANTIPHON, ANDOKIDES, 
LYSIAS, ISOKRATES, ANB-.ISAEOS. Edited by R. C. 
Jebb, M.A., LL. I)., Litt.D., Professor of Creek in the University 
of Glasgow. [TiejJ Edition in the press, 

/Eschines.— IN CTESIPIIONTEM. Edited by Rev. T. 
Gwatkin, M.A., late Fellow of St. John’s College, Cambridge. 

\Tn the press, 

schylus, — PERSAi:. Edited by A. O, Prickard, M.A. 
Fellow and Tutor of Now Ccilege, Oxford. With Map. 31. 6f/. 
Andocides. — DE MYSTERIIS. Editedby W. j. Hickie, M.A., 
formerly Assistant-Master in Denstone College. 2r. 6f/. 

Caesar. — the gallic war. Edited, after Kroner, by Rev. 

John Bond, M.A., and A. S. Walpoi.k, M.A. With Maps. 6r. 
Catl^lus. — SELECT POEMS. Edited by F. P. Simpson, B. A., 
late Scholar of Balliol College, Oxfoid. New and Revised 
Edition. 5.?. The Text of this Edition is carefully adapted to 
School use, 

Cicero. — the CATILINE ORATIONS. From the German 
of Karl Halm. Edited, with Additions, by A. S. Wilkins 
M.A., LL,D., Professor of Latin at tjje Owens College, Manchester, 
Examiner of Classics to the University of London. New Edition. 
35. 6 ^/. 
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Cicero.— PRO LEGE MANILIA. Edited, after Halm, by Pro- 
fessor A. S. Wilkins, M. A., LL.D. 2 s, 6cL 

THE SECOND rHlLIPPIC ORATION. From the German 
of Karl Halm. Pldited, with Corrections and Additions, 
by John E. B. Mayor, Professor of I.atin in the University of 
Cambridge, and Fellow of St. John’s College. New Edition, 
levi.sed. 5 j. 

PRO ROSCIO AMERINO. Edited, after Halm, by E. H. Don- 
kin, M.A., late Scholar of Lincoln College, Oxf^n-d; Assistant- 
Master at Sherborne School. 4 ^. 6J. 

PRO P. SbiSTIO. Edited by Rev. H. A. Holden, M.A., LL.D., 
late Fellow of Trinity College, Cambridge; and late Classical 
Examiner to the University of London. 5 j. 

Demosthenes. — DE CORONA. Edited by B. Drake, Mi Ad 
late P'ellow of King’s College, Cambridge. New and revised® 
Edition. 4 ?. 6(i» * 

ADVERSUS LEPTINEM. PMited by ^ev. J. R. King, M.A. 
P'ellow and Tutor of Oriel College, Oxford, 6(/, 

THE FIRST PHILIPPIC. Edited, after C. Reiidantz, by Rev. 
T, Gwatkin, M.iL, Idee Fellow of St. John’s College, Cambridge. 
2s. 6d. 

IN MIDI AM. Edited by Prof. A. S. Wilkins, LL.D., and 
Herman Hager, Ph.D., of the Owens College, Manchester. 

\In preparation . 

Euripides.— iiiPPOLYi;iTS. Edited by J. P. Mahafky, M. A., 
Fellow and Pofessor of Ancient History in Trinity College, Dub- 
lin, and J, B. Bury, Fellow of Tiinity College, Dublin. 3^. 6</, 

MEDEA. Edited by A. W. Verrall, M.A., P’ellow and 
Lecturer of Trinity College, Cambridge, 3 ^. 

TPHIGENIA IN TAURIS. Edited i>y E. B. England, M.A., 
Lecturer at the Owens College, Manchester. 45 . (id, 

Herodotus.— books V. ANb VI. Edited by J. Strachan, 
M.A., Professor of Greek in the Owens College, Manchester. 

f£» [/« preparation , 

BOOKS VII. AND VIII. Edited by Miss A. Ramsay. 

[/« preparation, 

Homer.— ILIAD, books i., ix., xi., xvi.— xxiv.‘ the 

STORY OP' ACHILLES. Edited by the late J. II. Pratt, 
M.A., and Walter Leaf, M.A., P'ellows of Trinity College, 
Cambridge. 6s, 

ODYSSEY. BOOK IX. Edited by Prof. John E. B. Mayor. 
2s, 6d, 

ODYSSEY. BOOKS XXI.--XXIV. THE TRIUMPH OF 
ODYSSEUS. Edited *Dy S. G. Hamilton, B.A., Fellow of 
Hertford College, Oxford. 3 ^. 6d, 
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Horace.— the odes. Edited byT. E. Page, M.A., formerly 

Fellow of St. John’s College, Cambridge; Assistant-Master at 
the Charterhouse. 6s, (BOOKS I., II., III., and IV. sepai'ately, 
2 s , each.) 

THE SATIRES. Edited by Arthur Palmer, M.A., Fellow of 
Trinity College, Dublin; Professor of Latin in the University of 
Ihiblin. 6 s . 

THE IftTSTi.ES AND ARS POETICA. Edited by A S. 
\\Tlki:^s, M.A., LL.D., Professor of Latin in Owens College, 
Manchester ; Examiner in Classics to the University of 
London. 6.f. 

Isaeos.— THE ORATIONS. Edited by Wiixiam Ridgeway, 
^ M.A., Fellow of Cains College, Cambridge; and Professor of 

Greek in the University of Cojk. [/;/ preJ)araiion. 

Juvenal, thirteen satires. Edited, for the Use of 
Schools, by E. G. Hardy, M.A., late Fellow of Jesus College, 
Oxford. 5^“. * 

The Text of tins Edition is carefully adapted to wSchool use. 
SEIJiCT S ATI UKS. Iklited by Pi^fess^r John E. B. Mayor. 
X. AND XL 3 J. 6 cL XIL— XVI. 4s . 6d , 

Livy. — BOOKS IL AND HI. Edited by Rev. H. M. Stephenson, 
M.A. 5 j. 

BOOKS XXL AND XXII. Edited by the Rev. W. W. Capes, 
M.A. Maps. 5'^* 

BOOKS XXIII. AND XXIV. Edited by G. C. INIacaulay, M.A. 
Willi Map'^. 5^. 

THE LAST TWO KT^XTS OF MACEDON. EXTRACTS 
FROM THE FOUR'ITI AND FIFTH DECADES OF 
LIVV. Selected and Edited, with Introduction and Notes, by 
F. H. Rawlins, M.A., Fellow of Kiiig\ College, Cambridge; and 
Assistant-Id a^lcr at Eton. '^Yith Maps. 6.4 

Lucretius, books I.— hi. Edited by J. H. WarbuRTON 
Lee, M.A., late Scholar of Corpus Qiristi College, Oxford, and 
Assistant- Master at Rossall. 45. 6d. 

Lysias.— SELECT ORATIONS. Edited by E.S. Shuckburgh, 
%. A., late Assistant-Master at Eton College, formerly Fellow and 
Assistant -Tutor of Emmanuel College, Cambridge. New Edition, 
revised. 6s, 

Martial. — SEI.ECT EPIGRAMS. Edited by Rev. H. M. 
Stephenson, M.A. New Edition, Revised and Enlarged, 6s, 6d, 

Ovid.— FASTI. Edited by G. H.^allam, M. A., Fellow of St. 
tohn’s College, Cambridge, and Assistant-Master at Harrow. 
With Maps. 5 j.', 
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Ovid. — HEROIDUM EPISTULAi XIIT. Edited by E. S. Shuck- 
burgh, M.A. 4j. 

METAMORPHOSES. BOOKS XIIT. and XIV. Edited by 
C. Simmons, M.A. 4-r. 6^/. 

Plato. — MENO. Edited by E. S. Thompson, M.A., Fellow ^<*>1 
ChrisP.s Collef^e, Cambridge. [In preparation. 

APOLOGY ANT) CRITO. Edited by F. J. IL J'Iinktnson, 
AI.A., Fellow of Trinity College, Cambridge. {Iii^prtparation, 
THE REPUBLIC. BOOKS L— V. Edited by T. IL Warren. 
M.A., Prc-sidcnt of Magdalen College, Oxford. [/;/ the press, 

Plautus.— MIId'iS GLORIOSUS. Edited by K. Y, TyiiRF.ix. 
M. A., Fellow of 'frinity College, and Regius Ibofessor c,f Greek in 
the University of Dublin. Second Edition Revised. 5?. 
AMPHITRUO. Edited by Arthur Palmer, M.A., Fellow of 
Trinity College and Regius Professor of Latin in the University 
of Dublin. [In pnparation. 

CAPTIVI. Edited by A. Rhys Smith, late Junior Student of 
Christchurch, Oxford. [In fnpu ration, 

Pliny.— LETTERS, 'look III. Edited by Professor John E. B. 
Mayor. With Life of Pliny by G. 11 . Rendall, M.A, 5^. 
LETTERS. BOOKS I. and II. ICdited by J. Cowan, B.A., 
Assistant- Master in the Grammar Seliool, Manchester. 

[In preparation, 

Plutarch.— LIFE of TlfEMLSTOKLES. Edited by Rev. 
II. A. Holden, M.A., I.L.D. 5r. 

Polybius.— HISTORY of the ACH/EAN league. Bdns 
Parts of Books IL, HI., and IV, Edited by W. W. Cape.s. 
M.A. [In the press. 

Propertius. — select poems. Edited by Professor J. P. 

PosTGATE, M.A., Fellow of Trinity College, Carri bridge. Second 
ICdition, rovi'^cd. Os. 

Sallust. — CATHJNA Xnd JUGURTHA. Edited by C. Meri- 
VALE, D.D,, Dean of Ely. New Editimi, carefully revi.std and 
enlarged, 4^. 0‘i. Or separately, 2J. Od. cadi. ^ 

BELLUM CA'rULINAE. Edited by A. M. Cook, M.A., Assist- 
ant Master at St. Paul's School. 45. Od. 

JUGURTHA. By the same Ed i tor. [ In preparation. 

Sophocles.— ANTIGONE. Editevl by Rev. John Bond, M.A., 
and A. S. Walpole, M.A. [In preparation, 

Tacitus.— AGRICOLA AKD GERMANIA. Edited by A. J. 
Church, M.A., and W. J. Brodribb, M.A., Translators 
Tacitus. New Edition, 3.L Od, Or separately, 2j, each. 
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Tacitus.— THE ANNALS. BOOK VI. By the some Editors. 

2S. 6c/, 

THE HISTORIES. BOOKS I. and II. Edited by A. D. 
Godlev. M.A. 5 ^. 

^IIE ANNAl.S. BOOKS 1. and II. Edited by J. S. Retd, 
M.L., Lilt.n. \_In prepay ixtion, 

Terence.— IIAUTON TIMORUMKNOS. Eilited by E. S. 
SUUCKIUJKGFT, ]\I.A. 3 ^. With Translation, 4 ^. 6d, 

PIIORMTO. E<]ito(] by Rev. John Bond, IM.A., and A. S. 
Wai^pole, I\T.A. 

Tihucyclicles. BOOK IV. Edited by C. E. Gr.wf.s, M.A., 
Clos^ical I.ecturer, and Inte Fellow of St. John’s College, 
Cambridge. 5 r. 

BOOKS I. IT. irr. ^vd V. By the same l^ditor. To be published 
scjiaiMtoIy. \Jn pre/^aration, V. in the press.) 

BOOKS VI. AND VTT. THE SICILIAN EXPEDITION. Edited 
l y tlic Rev. Pkrcival Frost, M.A., lafe Fellow of St. John’-j 
College, Cambridge. New Edition, revised and enlarged, with 
Map.' 

Tibullus.— SET, EOT rOEMS. Edited by Brofeor J. P. 
PoSTGATE, M.A, ^ ^ \In preparation, 

Virgil.— .-ENEID. BOOKS 11. AND TIT. THE NARRATIVE 

OF AENEAS. Edited by E. W. Howso.v, M.A., Fellow of King’s 
College, Cambridge, and Assistant-Master at Harrow. 3 .?, 

Xenophon,— TIET.LENICA, BOOKS I. AND II. Edited by 
II. Haii-S TONE, B.A., late^ Scholar of Peterhousc, Cambridge, 
With Map. 4 .f. 6d. 

CYROP/EDIA. BOOKS VIL and VIII. PMited by Alfred 
Goodwin, M.A., Profc.ssor of GrSk in University College, 
I.ondon. 5 ^. 

MEMORABILIA SOCRATIS. Edited by A. R. Cluer, B.A., 
Balliol College, O.xford. 6s, 

THE ANABASIS. r)OOKS I. — IV. Edited by Professors W. W. 
Goodwin and J. W. White. Adapted to (iuodwin’s Greek 
Grfimmar. With a Map. 5 .r. 

IIIERO. Edited by Rev. H. A. Holden, M.A., I.L.D. 3 f. 6d. 
OECONOMICUS. By the same Editor, With Introduction, 
Explanatory Notes, Critical Apperftli.x, and Lexicon, 6s, 

Other Volumes luill follow. 
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CLASSICAL LIBRARY. 

(i) Texts, Edited with Introductions and Notes, 
for the use of Advanced Students. (2) Commentaries 
and Translations. 

iEschyluS,— TITI;: EUMKNIDKS. The Greek Text, with 
Introduction, English Notes, and Verse Translnlion. ,By Bernard 
13rake, M.A., late Eellow of King’s College, Cambridge. 
8vo. 5J-. 

AGAMEMNON, CIIOEPIIORa^:, AND EUMENIDES. 
lulitcd, with Introduction and Notes, by A. O. Trickard, M.A., 
Fellow and Tutor of New College, Oxford. 8vo. “ 

[/;/ preparation^ 

AGAMEMNO. Einendavit David S. Margoi.iouth, Coll. Nov. 
Oxon. Soc. Deiuy Svo. is. 6 d. 

THE SEVEN AGAINST THEBES.” Edited, with Introduc- 
tion, Commentary, and Tr:in->]ation, by A. W, Verrai.L, M.A., 
Fellow of 'LVinily Cillegu, Cambridge. Svo. Js. Gd. 

Antoninus, Marcus Aurelius. — BOOK iv. of the 

MEDrrATIONS. The ’^fext Revised, with Translation and 
Notes, by Hastings Crossley, M.A., Professor of Greek in 
Queen’s College, Belfast. Svo. 6i-. 

Aristotle.— Tllli MF.TAl’KVSICS. ROOK I. Translated by 
a Cambridge Gi adualc. Svo. 51. [IJook II. in pvipnration. 

THE POLITICS. iCditcd, after SusEMtiiL, by R, D. IIiCKS, 
M.A., Fellow of Trinity College, Cambridge. Svo. 

\In the pr/^s. 

THE POLITICS. Translated by Rev. J. E. C. Welldon, M.A., 
i'ellow of King’s College, Cambridge, and Head-Master of 
Harrow School. Crown Svo. 10 j. 6</. 

THE RHETORIC. Translated, with an Analy.sis and Critical 
Notes, by the .same. Crov.nSvo. Gd, 

THE ETHICS. Trans^^ted, with an Analysis and Critical Notes, 
by the same. Crown Svo. [/« preparation, 

AN INTRODUCTION TO ARISTOTLE^S RHETORIC. 
With Analy.ds, Notes, and Appendices. By E. M. Cope, Plillow 
and Tutor of Trinity College, Cambridge. Svo. 14J. 

THE SOPHISTICI ELENCHI. With Translation and Notes 
by E. PosTE, M.A,, Fellow of Oriel College, Oxford. Svo. Ss, 6 d, 

Aristopha.ncS« — THE BIRDS. Tianslated into Jinglish Verse, 
with Introduction, Notes, and Appendices, by B. H. Kennedy, 
D.D., Regius ProfcjrS^r of , Greek in the University of Cambridge. 
Crown Svo. 6^. Help Notes to the same, for the use of 
Students, is, Gd, 
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Attic Orators.— FROM ANTIPHON TO ISAEOS. By 
K. C. jEKii, M.A., U..!)., Professor of Greek in the University 
of Glasgow. 2 vols. Svo. 2 ^s. 

BabriuS. — Edited, with Introductory Dissertations, Critical Notes, 
Commentary and I.exicon. By Rev. W. Gxtnion Rutherford, 
M. A. , LL.D.yircad-Master of Westminster School. Svo. 12s. (id. 

C«tero.— TIIF. ACADEMICA. The Text revised and explained 
by J. S. Reid, M.L., Tdtt.D., Fellow of Cains College, Cam- 
bridge. Svo. 15J. 

THE ACAT)EMICS. Trnnslated by J. S. Reid, M.E. Svo. 5.?. 6./. 

SELECT LETTERS. After the Edition of Albert Watson, 
M.A. Translated by G. E. Jeans, M.A., Fellow of Hertford 
College, Oxford, and late Assi.stant-Master at Ilailcybury. Svo. 
loj. (id. 

Ctesias.— THE fragments of CTESIAS. Edited, with 

Introduction and Notes, by J. E. Gilmore, M.A. Svo. (Classical 
library.) \In the press. 

( 5 ^e also Classical Senes.) 

Euripides.— -MICDEA, Edited, with Introduction and Notes, by 
A. W. Verrall, M.A., Fellow and l^.ectflrer of Trinity College, 
Cambridge. Svo. Js. 6 d. 

IPHIGENIA IN AULTS. Edited, with Introduction and Note.s, 
by E, B. Enoland, M.A., Lecturer in the Owens College, 
hlanchestcr. Svo. [In preparation. 

INTRODUCTION TO THE wSTUDY OF EUKIPIDES. By 
Professor J. P. Maiiaefy. P'capT^o. ix. (>d. {Classical Writers 
Seides.) * 

(Sec also Classical Scries.) 

Herodotus.— BOOKS I.— IH. the ancient empires 

OF THE east. Edited, with Notes, Introductions, and Ap- 
pendices, by A. H. Sayce, Deputy Prjfessor of Comparative 
Philology, Oxford; Honorary ^L.D., Dublin. Demy Svo. i 6 s. 

BOOKS IV. — IX. PMited by Reginald W. Macan, M.A., 

Lecturer in Ancient History at Brasenose College, Oxford. Svo. 

^ [/;? preparation. 

Homer. — the IITAD. Edited, with Introduction and Notes, 
by Walter Leaf, M.A., late P'ellow of Trinity College, Cam- 
brSSgc. Svo. Vol. I. Books I. — XH. 14s'. [Vol. H. in the press. 

THE ILIAD. Translated into English Prose. By Andrew 
Lang, M.A., Walter Leaf, M.A., and Ernest Myers, M.A. 
Crou n Svo. 12s. 6 d. 

THE ODYSSEY. Done into English by S. H. Butcher, M.A., 
Professor of Greek in the University of P'dinburgh, and ANDREW 
Lang, M.A., late Fellow of Mertcyi College, Oxford. Seventh 
and Cheaper Edition, revised and corrected. Crown Svo. 4 ^. 6 d, 
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Homer.— INTRODUC'ITON to the study of homer. 

By the Right Hon. W. E. Gladstone, M.P. iSnio. is. 
(Literature Primers.') 

HOMERIC DIC'JIONARV. For Use in Schools and 
Colleges. Translated fioni the German of Dr, G. Autenrieth, 
^vith Additions and Corrections, by R. P. Keei’, Ph. D. With 
numerous Illustrations. Crown 8vo. 6 j-, 

(See also Classical Series,) 

Horace.—TiiE WORKS of Horace rendered into 

ICNGLlSli ITvOSE. With Introduction^ Runtiing Analysis, 
Notes, Ac. By J. Lonsdale, M.A., and S. Lee, M.A. {Globe 
Edition . ) 3.f. Gi. 

STUDIKS, LITERARY AND HISTORICAL, IN THE ODES 
OF HORACE. By A. W. Verrall, Fellow of Trinity College, 
Cambridge. Demy Svo. Ss. 6d. 

(See aLo Classical Scries.) 

Juvenal.— THIRTEEN satires of JUVENAL. With a 

Commentary. By John E. B. Mayor, M.A., Professor of Latin 
in the University of Cambridge. Crown Svo. 

Vol. I. Fourth Edition, Revised and Enlarged. lo.r. 6tL 
Vol. II. Second Edition. lor. 6d, 

The new matter consists of an Introduction (pp. r — 53), Addi- 
tional Notes (pp. 333—466) and Index (pp. 467 — 526). Jt is also 
issued separately, as a Supplement to the previous Cililion, at 
TIIlR'rEEN SATIRES. Ti;anslated into lingli.di after the Text 
of J. E. B. Mayor by Alexander Leerer, M.A., Warden 
of Trinity College, in the University of Medbourne. Crown Svo. 
3s, 6d. 

( S ee al so Classic a I Series . ) 

Livy. — ROOKS I.— IV. T'r.m,latC(l by Rev. II. M. StepIIENSOK, 
^r.A., Ilead-Madcr of St. Pctei’s School, Yoik. [Jn preparation. 
BOOKS XXI.— XXV. Tranddlctl by Alfred John Church, 
M.A., of Lincoln Cohere, 0 \f>rJ, Profesbur of T.atin, University 
College, I.ondon, ancU.Wii.LiAM Jackson Brodrtiir, M. A., late 
Fellow of St. John’s College, Cambri !ge. Cr. Svo. 7^. 6^. 
IN'l'RODUCTION TO THE vSTUDY OF IJVY. By Rev. 
W. W, Capes, Reader in Ancient History at Oxford. Fca^j. Svo. 
I.r. 6</. (Classical lVrite?‘s Scries.) 

(See also Classical Series.) 

Martial.— ROOKS I. and II. of the epigrams. Edited, 

with Introduction and Notes, by Professor J. E. B. Mayor, M.A. 
Svo. \In the press, 

(See al.^o Classical Series.) 
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Pausanias. — DKSCRIPTION of GUiyCCK. Translated by 
J. G. Frazer, M.A., Fellow of Trinity College, Cambridge. 

\ln preparation, 

Phrynichus. -TIIF NEW niRVNICIIUS ; being a Revised 
'i'ext of the Ecloga of the Grainmariaii rhryniehiis. With Intro- 
duclion and Coinmentary by Rev. W. GUNloN RutherfoRP, 
M.A., LL.D., Head-Master of Westuiiiisler School. Svo. i8.f. 

Pindar.®— TH!C KX'fANT odes of ITNDAR. Translated 
into EnMi'di, vith an Introdiicti )n and sli )it Noir-;, ])y Ernest 
Myers, ^M. A., late Fellow of Wadham C^dlegc, Uxfoid. Second 
Edition. Crown Svo. 5^. 

THE OLYMPIAN AND PVTIIIAN ODES, lulitcd, with an 
Tntrodijctoiy K-say, Notes, and Indexes, by Basie Gilderslkeve, 
Professor of Greek in the Johns Hopkins University, Baltimore. 
Crown Svo. *]s. 6 ( 1 . 

Plato. — PH/ 1 G)(). Edited, with Introduction, Notes, .and Appen- 
dice.*^, by R. D. A«icher-Hind, M.A., Fellow of Tiinity College. 
Cambridge. Svo. Sj*. 6 d, 

TlMyEUS.— PMited, with IntroductkDii, d^otes, and a Translation, 
by the same Editor. Svo, [In the press. 

PHTEDO. ltdited, with Introduction and Note^, by W. D. Geddks, 
IX.D., Principal of the University of Aberdeen. Second Edition. 
Demy Svo. Si*. 6(/. 

PHILEBUS. Edited, with Introduction and Notes, by Henry 
Jackson, M.A., Fellow of Trinity College, Cambridge. Svo 

[/;/ preparation. 

THE REPUBLIC. — Edited, with Introduction and Notes, by 
11. C. Good HART, M.A., P'ellow of Trinity College, Cam- 
liridgc. Svo. [In pieparaiion. 

ITIE REPUBLIC OF PLATO. Translated into Englisli, with an 
Analysis and Notes, by J. Ll.^Davies, M.A., and D. |. Vaughan, 
M.A. 1 8-no. 4r. 61 . 

EUTHVPriRO, APOLOGY, CRITCL AND ITLEDO. Trans- 
lated by F. ]. Church. i8mo. 4 s !% d . 

PH^'DRUS,' LYSIS, AND PROPAGORAS. Translated by 
Rev. J. Wright, M.A. [Ntw edition in preparation. 

(See also Classical Senes.) 

Plautus. — THE MOSTELLARIA OF PLAUTUS. With Notes, 
Prolegomena, and Excursus. By William Ramsay, M.A., 
formerly Professor of Humanity in the University of Glasgow. 
Edited by Professor George G. Ramsay, M.A,, of the University 
of Gla^ow. Svo. 14?. 

(See also Classicil Series,) 



I6 MACMILLAN’S EDUCATIONAL CATALOGUE. 


Polybius.— THE HISTORIES. Translated, with Introduction 
and Notes, by E. S. Siiuckbukgti, M.A. 8vo. \In preparation, 

Sallust.— CATILINE AND JUGUKTHA. Translated, with 
Introductory J^^ssay^?, by A. W. Pollard, B.A. Crown 8vo. 6 j. 

THE CATILINE (sepsiratcly). Crown Svo. 3 J. 

(See also Classical Series.) 

Sophocles.— OEDIPUS the king. Tr.inslated’ from the 
Greek of Sojihocles into English Veise by E. D. A, ]\Torsjiead, 
M.A., late Fellow of New College, Oxford; Assistant Master at 
Winchester College. J'cap. Svo. ^s, Od, 

Studio. Scenica.' — Pait I., Section I, Introductory Study on 
the Text of the Greek Dramas. The Text of SOPHOCLES* 
TRACllINTAE, 1 - 300 . By Davil S. Margoltoutif, Fellow 
of New College, Oxford. Demy Svo. 2s. Gd, 

TdCitUS. — THE ANNALS. Edited, with Introductions and 
Notes, by G. O, ]I()T.r.ROOKE, M.A., Professor of Latin in Trinity 
College, Hartford, U.S.A. With Maps. Svo. i6l 

THE ANNALS. Ti'anslAed by A. J. Church, M.A., and W. J. 
Brodribb, M.A. With Notes and Maps. New Edition. Cr. Svo, 
6d, 

THE HISTORIES, lidited, wdih Introduction and Notes, by 
Rev, W. A. Spooner, M.A,, Fellow of New College, and 
II. M. Spooner, M.A., fc^'B^erly Fellow of Magdalen College, 
Oxford. Svo. [In preparation. 

THE HISTORY. Translated by A. J. Citiirch, M.A., and 
W. J. Brodribb, M.A. With Notes and a Map. Crown Svo. 
6s. 

THE AGRICOLA AND GERMANY, WITH THE DIAT.OGUE 
ON ORATORY. Trandated by A. J. Church, M.A., and 
W, J. Brodribb, M.A. With Notes and Maps. New^ and 
Revised Edition. Crowm Svo. '45-. 6d. 

INTRODUCTION TO THE STUDY OF TACITUS. By 
A. J. Church, M.Aif^’and W. J. Brodribb, M.A. Fcap. Svo. 
is, 6d. {Classical Writers Series.) 

Theocritus, Bion, and Moschus. Rendered into English 
Prose, with Introductory Essay, by A. Lang, M.A. Crown Svo. 6s, 

Virgil.— THE WORKS of virgil rendered into 

ENGLISH PROSE, with Note.s, Introductions, Running Analysis, 
and an Index, by James Lonsdale, M.A., and Samuel Lee, 
M.A. New Edition. Globe Svo. ^s. 6d. 

THE iENEID. Translated by J. W. Mackatl, M.A., Fellow of 
Balliol College, Oxford. 'Crown Svo. 7 s. 6 d. 
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Xenophon.— COMPLETE works. Translated, with Introduc- 
tion and Essays, by H. G. Dakyns, M.A., Assistant-Master in 
Clifton College. Four Volumes. Crown 8vo. \In the press. 


GRAMMAR, COMPOSITION, & PHILOLOGY. 

Belcher.— SHORT exercises in Latin prose COM- 

POSITI®N AND EXAMINATION PAPERS IN LATIN 
GRAMMAR, to which is prefixed a Chapter on Analysis of 
Sentences. By the Rev. H. Belcher, M. A., Rector of the High 
School, Dunedin, N.Z. New Edition, i8mo. is, 6d, 

KEY TO THE ABOVE (for Teachers only). 3.?. ed. 

Short exercises in latin prose composition. 

Part II., On the Syntax of Sentences, with an Appendix, includ- 
ing EXERCISES IN LATIN IDIOMS, &c. i8mo. 2s, 

KEY TO THE ABOVE (for Teachers only). 3^. 

Blackie.— GREEK AND ENGLISH DIALOGUES FOR USE 
IN SCHOOLS AND COLLEGES. ♦By JbiiN Stuart Blackie, 
Emeritus Profes.sor of Greek in the University of Edinburgh. 
New Edition. Fcap. Svo. 2s, 6d, 

Bryans,— LATIN prose exercises based upon 

CAESAR^S GALLIC WAR. With a Classification of Csesar’s 
Chief Phrases and Grammatical Votes on Csesar’s Usages. By 
Clement Bryans, M.A., Assistant-Master in Dulwich College. 
Second Edition, Revised and Enlarged. Extra fcap. Svo, 2s. 6d, 
KEY TO THE ABOVE (for Teachers only). 3^ 6<f. 

GREEK PROSE EXERCISES based upon Thucydides, By the 
same Author. Extra fcap, Svo. [/n preparation, 

Colson.— A FIRST GREEK READER. Stories and Legends 
from Greek Writers. By Colson, M.A., Fellow of St. 

John’s College, Camliridge, and Senior Classical Master at Bradford 
Grammar School. Globe Svo. m \ln the press, 

Eicke.— first LESSONS IN LATIN. By K. M. Eicke, B.A., 
A|^istant-Master in Oundle School, Globe Svo. 2s, 

England.— EXERCISES ON LATIN SYNTAX AND IDIOM. 
ARRANGED WITH REFERENCE TO ROBY’S SCHOOL 
LATIN GRAMMAR. By E. B. England, M.A., Assistant 
Lecturer at the Owens College, Manchester, Crown Svo. 2s, 6d, 
Key for Teachers only, 2s, 6d, 

Goodwin.^ — Works by W. W, GoeDWiN| LL.D.^ Professor of 
Greek in Harvard University, U.S. A. 
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Goodwin. — Works by W. W. GooDWiN LL.D., continued — 

SYNTAX OF THE MOODS AND TENSES OF THE GREEK 
VERB. New Edition, revised. Crown 8vo. 6s, 6d, 

A GREEK GRAMMAR. New Edition, revised. Crown 8vo. 6 s, 

*‘It is the best Greek Grammar of its size in the English language.** — 
Athen^um. 

A GREEK GRAMMAR FOR SCHOOLS. CrownSvo. 3^. 6d. 

Greenwood— THE elements of Greek grammar, 

including Accidence, Irregular Verbs, and Principles of Deriva- 
tion and Composition ; adapted to the System of Crude Forms. 
By J. G. Greenwood, Principal of Owens College, Manchester. 
New Edition. Crown 8vo. 5r. 6d, 

Hadley and Allen. — a GREEK grammar for 
schools and COT.LEGES. By James Hadley, late. 
Professor in Yale College. Revised and in part Rewritten by 
Frederic de Forest Allen, Professor in Harvard College. 
Crown 8vo. 6r. 

Hodgson.— mythology for latin versification. 

A brief Sketch ol the Fables of the Ancients, prepared to be 
rendered into T.atin Verse for Schools. By P'. Hodgson, B.D., 
late Provost of Plton. New Edition, revised by F. C. Hodgson, 
M.A. i8mo. 3r. 

Jackson.— first steps to Greek prose composi- 

TION. By B LOME I ELir Jackson, M.A., Assistant -Master in 
King’s College School, London. New Edition, revised and 
enlarged. i8nio. is. 6d. 

KEY TO -FIRST STEPS (for Teachers only). i8mo. y, 6d, 
SECOND STEPS TO GREEK PROSE COMPOSITION, with 
Miscellaneous Idioms, Aids to Accentuation, and Examination 
Papers in Greek Scholarship. i8mo, 2s, 6d, 

KEY TO SECOND STEPS (for Teachers only). i8mo. 3s, 6d, 

Kynaston. — exercises in the composition of 

GRP2EK IAMBIC VERSE by Translations from English Dra- 
matists. By Rev. H. Kynaston, D.D., Principal of Cheltenham 
College. With Introduction, Vocabulary, &c. New Edition, 
revised and enlarged. Extra (cap. 8vo. 5^, • 

KEY TO THE SAME (for Teachers only). Extra fcap. 8vo. 4s, 6d, 

Lupton.— an introduction to latin elegiac 
verse composition. By J. II. LurroN, M. A., Sur-Master 
of St. Paul’s School, and formerly Fellow of St, John’s College, 
Cambridge, Globe 8vo. 2s, 6d, 

LATIN RENDERING OF THE EXERCISES IN PART II. 
(XXV. -C.). Globe 8vo. 3s. 6d, 
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Lupton. — Works by J. H. confttfueci— 

AN INTRODUCTION TO THE COMPOSITION OF LATIN 
LYRICS. Globe 8vo. [In preparottion, 

Mackie.— PARALLEL PASSAGES FOR TRANSLATION 
INTO GRP-EK AND ENGLISH. Carefully graduated for the 
^use of Colleges and Schools. With Indexes. By Rev. Ellis C. 
Mackie, Classical Master at Heversham Grammar School. Globe 
8vo. 4^. 6^. 

Macmillan.— FIRST LATIN grammar. By M. C. Mac- 

MILLAN, M.A., late Scholar of Christ’s College, Cambridge; 
sometime Assistant-Master in St. Paul’s School. New Edition, 
enlarged. P'cap. 8vo. is. 61. 

Macmillan’s Latin Course, first yf.vr. ByA. m. 

Cook, M.A., Assistant-Master at St. Paul’s School. New Edition, 
revised and enlarged. Globe 8vo. 3^. 61. 

*** 77i^ Second Pai't is in preparation. 

Macmillan’s Shorter Latin Course. By A. M. Cook, 

M.A., Assistant-Master at St.P.aul’s f?bhocfl. Being an abridgment 
of “Macmillan’s Latin Course,” First Ye.ar. Globe 8vo. is. 6d. 

Marshall.— A table OF irregular Greek verbs, 

classified according to the arrangement of Curtius’s Greek Grammar. 
By J. M. Marshall, M,A., Head Master of the Grammar 
School, Durham. New ICdilion.# %so. is. 

Mayor (John E. B.)— first GREEK reader. Edited 

after Karl PIalm, with Corrections and large Additions by Pro- 
fessor John li, B. Mayor, M.A., Fellow of St. John’s College, 
Cambridge. New Edition, revised. Fenp, 8vo. 4,9. 6d. 

Mayor (Joseph B.)— greek for beginners. By the 

Rev. J. B. Mayor, M.A., professor of Classical Literature in 
King’s College, London. Part I., with Vocabulary, is. 6d. 
Parts 11. and III., with Vocabulary and Index, 3L 6d. Complete 
in one Vol. fcap. Svo. 4^. 6d. ^ 

Nixon. — PARALTvEL EXTRACTS, Arranged for Translation into 
English and LaHn, with Notes on Idioms. By J. E, Nixon, 
M..A,, Fellow and Classical Lecturer, King’s College, Cambridge. 
Part I. — Historical and Epistolary. New Edition, revised and 
enlarged. Crown Svo. 3l 6d. 

PROSE EXTRACTS, Arranged for Translation into English and 
Latin, with General and Special Prefaces on Style and Idiom. 
I. Oratorical. II. Historical. III. Philosophical and Miscella- 
neous, By the same Author, Crowfc Svo. 3l 6d. 

Translations of Select Passages supplied by Author only. 

cz 
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Peile.— A PRIMER OF PHILOLOGY. By J. Peile, M.A., 
Litt, D., Master of Christ’s College, Cambridge. i 8 mo, is. 

Postgate,— PASSAGES FOR TRANSLATION INTO LATIN 
PROSE. With Introduction and Notes, by J. P. Postgate, 
M.A. Crown 8 vo. [In the press. 

Postgate and Vince.— a DICTIONARY OF I.ATIN 
ETYMOLOGY. By J. P. Postgate, M.A., and C. A. Vince, 
M.A. \In preparation^ 

Potts (A. W.) — Works by Alexander W. Potts., M.A., 
LT-.D., late bellow of St. John’s College, Cambridge; Head 
Master of tlie Felte.s College, I'Minbiirgh. 

HINTS TOWARDS LATIN PROSE COMPOSITION. New 
Edition. Extra fcap. 8 vo. 3 ^. ,, 

PASSAGES FOR TRANSLATION INTO LATIN PROSE. 
Edited with Notes and References to the above. New Edition.^ 
l^xtra fcap. Svo. 2 n 

LATIN V]':RSI0NS OF PASSAGES FOR TRANSLATION 
INTO LATIN PROSE (for Teachers only). 2,f. U, 

Reid.— A GRAMN'AR OF TACITUS. By J. S. Reid, M.L., 
Fellow of Cains College, Cafnbridge. [/« preparation, 

A CiRAMMAR OF VERGIL. By the same Author. 

\In preparation. 

Similar Gnimmars to oilier Classical Authors will probably folloiv, 

Roby.— A grammar CP the I.ATIN language, from 

Plautus to SuetoiiiiLs. By H. J. ROBY, M.A., late Fellow of St. 
John’s College, Cainbiidge. In Two Parts. I’art I. Fifth 
bMition, containing: — Book I. Sounds. Book II, Inflexions, 
Book 111. Word-formation, Appendices. Crown Svo, 9 .^, 
Part II. Syntax, Preposition'^, Crown Svo. 10s, 6.7. 

“ Marked by the clear and practised insiijht of a master in his art. A book that 
would do honour to any couniry.'' — ATH|jNvia::.i. 

SCHOOL LATIN GRAMMAR. By the same Author. Crown 
Svo. 5^- c, 

Rush.— SYNTHETIC LATIN DP'.LECTUS. A P'ir-st Latin 
Con.struing Book arranged on the Principles of Grammatical 
Ar.alysis. With Note.^ and Vooalnilary. By E. Rust:, B.A. 
Willi Preflice by the Rev. W. F. Moulton, M.A., D.D. New 
and Enlarged Edition. Extra fcap. Svo, 2 s, (sd. 

Rust.— FIRST STEPS TO LATIN PROSE COMPOSITION. 
PiV the Rev. G. Rust, M.A,, of Pembroke College, Oxford, 
Master of the Lower School, King’s College, Loudon. New 
l^ition. iSmo, Ir. 67. 

KEY TO THE ABOVE. By W. M. Yates, Assistant-Master in 
the High School, Sale. iSino. 3 J. 67. 
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Rutherford. — Works by the Rev, W. Gunion Rutherford, 
M.A., LL.D., Head-Master of Westminster School. 

A FIRST GREEK GRAMMAR. New Edition, enlarged. Extra 

fcap. 8 VO. ij. 6(f. 

REX LEX. A Short Digest of the principal Relations between 
^Lalin, Greek, and Anglo-Saxon Sounds. 8vo. [/n preparation, 

THE nSW PIIRYNICIIUS; being a Revised Text of the 
Ecloga of, the Grammarian Phrynichus. With Introduction and 
Commentary. 8vo. I Si*. 

Simpson.— LATIN trose after the best authors. 

By F. P. Simpson, IJ.A., late Scholar of Ealliol College, Oxford. 
Part I. C^.SARIAN PROSE. Extra fcap. Svo. 2J. ed, 

KEY TO THE ABOVE, for Teachers only. Extra fcap. Svo. 5 j. 

*Thring . — Works by th ; Rev. E. Turing, M.A., late flead-Master 
of Uppingham Schc\pi. 

A LATIN GRADUAL. A Fir'^t I.atin Construing Book for 
Beginners. New Edition, enlarged,, wi^i Coloured Sentence 
Maps. Fcap. Svo. 2r. (yd, 

AMANUAL OF MOOD CONSTRUCTIONS. Fcap. Svo. u. 6r/. 

Welch and Duffield.— a first Latin accidence, 

WITH EXERCISES. ]!y Wm. Wkicif, M -\., and C. G. 
Duffield, M.A., Kditois of “^^j-itropius" ti'c. iSmo. 

[/« preparation. 

White. — FIRST LESSONS in GREEK. Adapted to GOOD- 
WIN’S GREEK GRAMMAR, and designed as an intn duction 
to the ANABASIS OF XENOPHON. ’ By John Williams 
White, Ph. 1)., A.ssis{ ant- Professor of Greek in Harvard Univer- 
sity. Crown Svo. 41. 6<4 

Wilkins and Strachan.— ^passages e’or transla- 
tion FROM GRI'-EK AND LATIN, .‘^elected .inrl Arranged 
by A. S. Wilkins, M.A., Professor of^ alin, and J. Strachan, 
M.A., Profes.'^or of Chccl:, in the Owens College, Manchester. 

\Jn (he tress, 

Wrigftt.— -Works by J. Wright, M.A., late Head Master of 
Sutton Coldfield Si-hool. 

A HELP TO LATIN GRAMMAR ; or, The Form and Use of 
Words in Latin, vilh Progi-esswe Exercises. Cro\\n Svo. 4.f. 6^/. 

THE SEVEN KINGS OF ROMiL An Easy Narrative, abridged 
from the First 1> ok of Livy by the omission of DinTicult Pa.ssages ; 
being a Fiist Latin Reading Book, \filh Grammatical Notes and 
Vocabulaiy. New and revised Edition. Fcap, Svo. 31, 
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Wright.— FIRST LATIN STEPS ; OR, AN INTRODUCTION 
BY A SERIES OF EXAMPLES TO THE STUDY OF 
THE LATIN LANGUAGE. Crown 8 vo. 3 /. 

ATTIC PRIMER. Arranged for the Use of Beginners. Extra 
fcap. 8 VO, 2J. 6 </. 

A COMPLETE LATIN COURSE, comprising Rules with 
Examples, Exercises, both Latin and English, on each Rule, and 
Vocabularies. Crown 8vo. 2s» 6d, 


ANTIQUITIES, ANCIENT HISTORY, AND 
PHILOSOPHY. 

Arnold. — Worhs by \V. T. ARNOLD, M.A. 

A HANDBOOK OF LATIN EPIGRAPHY. \Tn preparation,e^ 

THE ROMAN SYSTEM OF PROVINCIAL ADMINISTRA. 
TION TO THE ACCESSION OF CONSTANTINE THE 
GREAT. Crown Svo. 6s, 

Arnold (T.)— the second PUNIC WAR. Being Chapters on 
THE HISTORY OF ROME. By the late Thomas Arnold, 
D.D., formerly Head Master of Rugby School, and Regius Professor 
of Modern Iliblory in the University of Oxford. Edited, with Notes, 
by W. T. Arnold, M.A. With 8 Maps. Crown Svo. Ss, 6d, 

Beesly.— STORIES from the history of ROME. 
By Mrs. Bkksly, Fcap.^Svo. 2 s, 6d, 

Classical Writers. — PMitedby John RichardGreen, M.A., 
LL.D. Fcap. Svo. is, 6d, each. 

EURIPIDES. By Professor Mahaffv. 

MILTON. By the Rev. Stopford A. Brooke, M.A. 

LIVY. By the Rev. W. W. Capes, M.A. 

VIRGIL. By Professor NETTLfiSHiP, M.A, 

SOPHOCLES. By Professor L. Campbell, M.A. 
DEMOSTHENES. By Professor S. H. Butcher, M.A. 
TACITUS. By Prolessor A. J. Church, M.A., and W. J. 
Brodribb, M.A. 

Freeman. — Works by Edward A. Freeman, D.C.L.,cLL.D., 
Hon. Fellow of Trinity College, Oxford, Regius Professor of 
Modern History in the University of Oxford. 

HISTORY OF ROME. {Historical Course for Schools,) i8mo. 

[In preparation, 

A SCHOOL HISTORY OF ROME. Crown Svo. 

[In preparation, 

HISTORICAL ESSAYS. Second Series, [Greek and Roman 
History.] Svo. los, 6d. 
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FyfFe.— A SCHOOL HISTORY OF GREECE. By C. A. 
Fyffe, M.A. 'Crown 8 vo. [/« preparation* 

Geddes. — the problem of the Homeric poems. 

By W, D. Geddes, Principal of the University of Aberdeen, 
8 vo. 14 J. 

f^adstooe . — Works by the Rt. lion. W. E. Gladstone, M.P. 
THE T/ME AND PI.ACE OF HOMER. Crown 8 vo, 6s. 6(i 
A PRIMEj^ OF HOMER. i 8 mo. is. 

Gow.— short prefaces to SCHCOL CLASSICS. By 

James Gow, M.A., Litt.D., Head Master of the High School, 
Nottingham ; foniierly Follow of Trinity College, Cambridge. 
^ With Illustrations. Crown 8 vo. [/« the press. 

Jackson.— A manual of Greek philosophy. By 

Henry Jackson, M.A., Litt.D., Fellow and Prelector in Ancient 
Philosophy, Trinity College, Cambridge. {In preparation. 

Jebb.— Works by R. C. Jehu, M.A., LL.D., Professor of Greek 
in the University of Glasgow. • • 

THE ATTIC ORATORS FROM ANTIPHON TO ISAEOS. 
2 vol.s. 8 vo. 253 -. 

A PRIMER OF GREEK LITERATURE. i 8 mo. is . 

(Sec also Classical Series.) 

• • 

Kiepert.— MANUAL OF ancient geography, Trans, 
lated from the German of Dr. Heinrich Kiepert. Crown 8vo. gs . 

Mahaffy. — Works by J. P. Mahaffy, M.A., D.D., Fellow and 
Professor of Ancient History in Trinity College, Dublin, and Hon, 
P'ellovv of Queen’s College, Oxford. 

SOCIAL LIFE IN GREKCiE; from Homer to Menander, 
Filth Edition, revised ai;d enlarged. Crown 8 vo. Qr. 

GREEK LIFE AND THOUGHT ; f^m the Age of Alexander 
to the Roman Conquest. Crown 8 vo. 12 s. 61. 

RAMBF.ES AND STUDIES IN GREECE. With Illustratioas. 
TIjprd Edition, Revised and Enlarged. With Map. Crown 8 vo. 
I os. 6(1. 

A PRIMER OF GREEK ANTIQUITIES. With Illustrations, 
i 8 mo. IS. 

EURIPIDES. i 8 mo. is. 6d. (Classical IVriters Series.) 

Mayor (J. E. B.)— BIBLIOGRAPHICAL CLUE TO LATIN 
LITERATURE. Edited after IltlBNER, with large Additions 
by Professor John E. B. Mayor. Crown 8 vo, los. 6d. 
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Newton.— ESSAYS in art and ARCH.«0L0GY. By Sir 
Charles Newton, K.C.B., D.C.L., ProfeKsorof Archaeology in 
University College, London, and formerly Keeper of Greek and 
Roman Antiquities at the British Museum. 8 vo. I 2 s, 6d, 

Ramsay.— A SCHOOI. history of ROME. By G. G. 

Ramsay, M.A., Professor of Humanity in the University 
Glasgow, With Maps, Crown 8 vo. \In%‘eparation, 

Sayce.— the ancient empires of the east. By 

A, II. Sayce, Deputy- Professor of Comparative Philosophy, 
Oxford, Hon. LT..D. Dublin. Crown Svo. 6s, 

Stewart.— the tale of troy. Done into English by 
Aubrey Stewart, M.A., late Fellow of Trinity College, 
Cambridge. Globe Svo. 3 ^. 6d, 

Wilkins.— A PRIMER OF ROMAN ANTIQUITIES. By 
Professor Wilkins, M.A., LL.D. Illustrated. i 8 mo. is. 

A PRIMER OF LATIN LITERATURE, By the same Author. 

[lu preparation. 


MATHEMATICS. 

(i) Arithmetic and.. Mensuration, (2) Algebra 
(3) Euclid and Elementary Geometry, (4) Trigo- 
nometry, (5) Higher Mathematics. 

ARITHMETIC AND MENSURATION. 

Aldis.— THE GREAT GIANT ARITIIMOS. A mo-jt Elementary 
Arithmetic for Childn n. B/'Mary Steadman Aldis. With 
Illustration.*?. Glolie Svo. 2s. 6d. 

Brook-Smith (J.)..^-aritiimetic in theory and 

PRACTICE. By J. Brook-Smith, M.A., LL.B., St. John’s 
College, Cambridge; Harriet cr-at-I. aw ; one of the Ma'.ters of 
Cheltenham College. New Edition, rcvi 'ccl. Crown Svo. '*' 4 j. 6 ^. 

Candler. — help to arithmetic. Designed f^r the use of 

Schools. By 11. Candler, M.A., Mathematical Master of 
Uppingham School. Second Edition. ICxtra fcap, Svo. 2s. 6d, 

Dalton.— rules and examples in arithmetic. By 

the Rev. T. Dalton, M.A., Assistant-Master in Eton College. 
New Edition. iSmo. 2 s. 6d, 

[Ansraers to the Examples are appended. 
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Qoyen.— HIGHER arithmetic and elementary 

MENSURATION. By P. Goyen, M. A., Inspector of Schools, 
Duredin, N. Z. Globe 8vo. [In the press. 

Lock — arithmetic for schools. By Rev. J. B. Lock, 

M.A., Senior Fellow, Assistant Tutor, and Lecturer of Gains 
College, Teacher of Physics in the University of Cambridge, 
formeijy A.ssistant-Master at Eton. With Answers and 1000 
additional Examples for Exercise. Second Edition, revised. 
Globe 8ro. 4f. (id. Or in Two Parts : — Part 1 . Up to and 
including Practice, with Answers. Globe Svo. 2s, Part II. 
With Answers and 1000 additional Examples for Exercise. Globe 
Svo. 3J. \A Key is in the press, 

t*** The complete book and both parts can also he obtained without 
answers at the same price, though in dijferent binding. But the edition 
with answers will always be supplied unless the other is specially asked for, 

Pedley.— EXERCISES in arithmetic for the Use of 
Schools. Containing more than 7,000 original Examples. By 
S. Pedley, late of Tamworth Gran^ar School. Crown Svo. $ s . 
Also in Two Parts 2s, 6d. each. 

Smith, — Works by the Rev. Barnard Smith, M.A., late Rector 
of Glaston, Rutland, and Fellow and Senior Bursar of S. PetcFs 
College, Cambridge. 

ARITHMETIC AND ALGERJl^, in their Principles and Appli- 
cation ; v ith numerous systematically arranged Examples taken 
from the Cambridge Examination Papers, with especial reference 
lo the Ordinary Examination for the B.A. Degree. New Edition, 
carefully Revised. Crown Svo. ioj*. 6d, 

ARITHMETIC FOR SCHOOLS. New Edition. Crown Svo. 
4 J. 6d, 

A KEY TO THE ARITHMETIC FOR SCHOOLS. New 
Edition, Crown Svo, Ss. GJ, 

EXERCISES IN ARITHMETIC. J^rown Svo, limp cloth, 2^. 

With Answer'-', 2s. 6d, Answers separately, 6d, 

SCHOOL CLASS-BOOK OF ARITHMETIC. iSmo, cloth. 3^. 

4Dr sold separately, in Three Parts, Js, each. 

KEYS TO SCHOOr. CLASS-BOOK Of ARITHMETIC. 

Parts I., IL, and TIL, 2s, 6d. each. 

SHILLING BOOK OF ARITHMETIC FOR NATIONAL 
AND ELEMENTARY SCHOOLS. iSmo, cloth. Or sepa- 
rately, Part I. 2d. ; Part II, ^d. ; Part III. jd. Answers, 6d, 
THE SAME, with Answers compile. iSmo, cloth, u. 6d. 

KEY TO SHILLING BOOK OF ARITHMETIC. iSmo. 4J. 6d, 
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Smith.— examination papers in arithmetic. l8mo. 

IS. The same, with Answers, i8mo, 2s. Answers, 6d 
KEY TO EXAMINATION PAPERS IN ARITHMETIC. 
i8ino. 4s. 6^, 

THE METRIC SYSTEM OF ARITHMETIC, ITS PRIN- 
CIPLES AND APPLICATIONS, with numerous Example.s, 
written expressly for Standard V, in National Schools. N^w 
Edition. l8mo, cloth, sewed. 3^/. 

A CHART OF THE METRIC SYSTEM, on a Sheet, size 42 in. 
by 34 in. on Roller, mounted and varnished. Hew Edition. 
Price 3 j. 6(/. 

Also a Small Chart on a Card, price i^. 

EASY LESSONS IN ARITHMETIC, combining Exercises ir. 
Reading, Writing, Spelling, and Dictation. Part I. for Standard 
I. in National Schools. Crown 8vr. g^/. 

EXAMINATION CARDS IN ARITHMETIC. (Dedicated to 
Lord Sandon.) With Answers and Hints. 

Standards I. and IL inbox, is. Standards. III. , IV., and V., in 
boxes, IS, each. Standard VI. in Two Parts, in boxes, is. each. 
A and B papers, of nearly the same difficulty, are given so as to 
prevent copying, and the colours of the A and B papers differ in each 
Standard, and from those of every other Standard, so that a master 
or mistress can see at a glance whether the children have the proper 
papers. 

Todhunter.— mensuration for beginners. By i. 

Todhunter, M.A., F.R.S.,*T).Sc., late of St. John’s College, 
Cambridge. With Example'^. New Edition. i8mo. 2s.6d. 

KEY TO MENSURATION FOR BEGINNERS. By the Rev. 
Fr. Lawrence McCarthy, Professor of Mathematics in St. 
Peter’s College, Agra. Crown 8/0. *js, 6d, 


ALGEBRA. 

Dalton.— RULES AND examples in algebra. By the 

Rev. T. Dalton, M.A,, Assistant -Master of Eton College. 
Part I. New Edition. i8mo. 2r. Part II, i8mo, 2s. 6d. 

A Key to Part I. for Teachers only^ *]s. 6d. i 

Hall and Knight.— elementary algebra for 

SCPIOOLS. By H. S. Hall, M.A. , formerly Scholar of Christ’s 
College, Cambridge, Master of the Military and Engineering Side, 
Clifton College ; and S. R. Knight, B.A,, formerly Scholar of 
Trinity College, Cambridge, late Assistant-Master at Marlborough 
College. Third Edition, Revised and Corrected. Globe 8vo, 
bound in maroon coloured V:loth, y. 6d. ; with Answers, bound in 
green coloured cloth, 4s. 6d, 
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Hall and Knight • — Works by Messrs. Hall and Knight, 
continued — 

ALGEBRAICAL EXERCISES AND EXAMINATION PAPERS. 
To accompany ELEMENTARY ALGEBRA. Second Edition, 
revised. Globe 8 vo. 2j. 6 ^/. 

IIIGIIER ALGEBRA. A Sequel to “ELEMENTARY AL- 
^ GEBi<^ FOR SCHOOLS.^’ Crown 8 vo. 6 d. 

Jones ahd Cheyne.— algebraical exercises. Pro- 

gressively Arranged. By the Rev. C. A. Jones, M.A., and C* 
II. Cheyne, M.A., F.R.A.S., Mathematical Ma.stcrs of West- 
minster School. New Edition. i 8 mo. 2s. 6d, 

SOLUTIONS AND HINTS FOR THE SOLUTION OF SOME 
OF THE EXAMPLES IN TEIE ALGEBRAICAL li:XER- 
CISES OF MESSRS. JONES AND CHEYNE. By Rev. W. 
Failes, M.A., Mathematical Master at We.stminster School, late 
Scholar of Trinity College, Cambridge. Crown 8 vo. yr. 6d. 

Smith (Barnard^.— arithmetic and algebra, in their 

Principles and Application ; with numerous systematically arranged 
Examples taken from the Cambridge I^xamination Papers, with 
especial reference to the Ordinary JCxaminationfor the B. A. Degree. 
By the Rev. Barnard Smith, M. A., late Rector of Glaston, Rut- 
land, and P'ellow and Senior Bmsar of St. Peter’s College, Cam- 
biidge. New Edition, carefully Revised. Crown 8 vo. los, 6d. 

Smith (Charles).— Works hy f harles Smith, M.A., Fellow 

and Tutor of Sidney Sussex College, Cambridge. 
ELEMENTARY ALGEBRA. Globe 8 vo. 4s. 6d. 

In this work the author has efi«ieavotireJ to explain the principles of Algebra in as 
simp’e a manner as possible for the benefit tif bei;inners, bestowing great care upon 
the cvplanmons anti proofs of the fundamental operations and rules. 

ALGEBRA FOR SCHOOLS AND COLLEGES. Crown 8 vo. 

[/« the press* 

Todhunter. — Works by I. VoDHUNTER, M.A., F.R.S., D.Sc., 
late of St. John’s College, Cambridge. 

‘‘Mr. Todhunter is chiefly known to Students 6? Mathematics as the author of a 
series ot admirable mathematical text-books, which possess the rare qualities of being 
clear m style and absolutely free from mistakes, typographical or other.**— S aturday 
Review. 

ALGEBRA FOR BEGINNERS. With numerous Examples. 

New Edition. i 8 mo. 2s, 6d, * 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. 6s. 6d. 
ALGEBRA. For the Use of Colleges and Schools. New Edition, 
Crown 8vo. *js. 6d. 

KEY TO ALGEBRA FOR THE; USE OF COLLEGES AND 
SCHOOLS. Crown 8vo. lOf. 6d^ 
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EUCLID, & ELEMENTARY GEOMETRY. 

Constable.— GEOMETRICAL EXERCISES FOR BE- 
GINNERS. By Samuel Constable. Crown 8 vo. 3 s. 

Cuthbertson.— EUCiJDiAN geometry, Bv FranAs 

CuTHBERTSON, M.A., LL.D., Head Mathematical ^fi'ster of the 
City of London School. Extra fcap. 8 vo. 4L 6 ^/. 

Dodgson. — Works by Charles L. Dodgson, M.A.^ Student and 
late Mathematical Lecturer of Christ Church, Oxford. 

EUCLID. BOOKS I. and 11. Fourth Edition, with words sub- 
stituted for the Algebraical S)nnbols used in the First Edition. 
Crown 8 vo. 2s. < 

* 4 * The text of this Edition has been ascertained, by counting the words, to be 
iess than /iv^-sevcnihs of that contained in the oi dinary editions. 

EUCLID AND HIS MODERN RIVALS. Second Edition. 
Crown 8 VO. 6s, '• 

Eagles.— CONSTRUCTIVE GEOMETRY OF PLANE 
CURVES. ByT. ‘ jI. Raoi.es, M.A., Instructor in Geometrical 
Drawing, and I.ecturcr in Architecture at the Royal Indian En- 
gineering College, Cooiht’s Hill. With numerous Examples. 
Crown 8yo. 1 2 s. 

Hall and Stevens, -a text book of EUCLID’S 

ELEMENTS. Including aUerttative Proofs, together with additional 
Theorems and Exercises, classified and arranged. By H. S. 
Hall, M.A., formerly Scholar of Chri't’s College, Cambridge, 
and F. H. Stevens, M.A., formerly Scholar of Quecn^s College, 
Oxford: Masters of the Military and Engineering Side, Clifton 
College. Globe 8 vo. Part I., containing Books T. and II. 2 .^ 

[Part II, in preparation, 

Halsted.— THE elements ®F geometry. By George 

Bruce Halsted, Pi\'fc.ssor of Pure and Applied Mathematics 
in the University of T^as. 8 vo. I 2 r. 6d. 

Kitchener. — a geometrical note-book, cont.T.ning 

Easy Problems in Geometrical Drawing preparatory to the Study 
of Geometry. For the Use of Scho )ls. By F, 1C. KlTCHlfNER. 
M.A., Hend-M<>srer of the Grammar School, Newcastle, Staffojr 
shire. New Edition. 410. 2 s, 

Mault . — NATURAL GEOMETRY : an Introduction to the 
T.ogical Study of Mathematias. For Schools and Technical 
Clahses. With Explanatory Models, based upon the Tachy- 
inetrical works of Ed. Lag«.ut. By A. Mault. i8mo. 

Models to Illustrate the above, in Box, 12 s, 6^4 
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Millar.— ELEMENTS OF DESCRIPTIVE GEOMETRY. By 
J. B. Millar, M.K., Civil Engineer, Lecturer on Engineering in 
the Victoria University, Manchester. Second Edition. Cr. 8vo. 6s, 

Snowball.— THE elements of plane and spheri- 
cal TRIGONOMETRY. By J. C. Snowball, M.A. Four- 
teenth Edition. Crown 8vo. ys, 6(L 
Syllabus of Plane Geometry (corresponding to Euclid, 
Book^l. — VI. ). Prepared by the Association for the Improve- 
ment of peometrical Teaching. New Edition, Crown Svo. is, 

Todhunter.— THE elements of EUCLID. For the Use 
of Collegesand Schools. By I. Todhunter, M.A., F.R.S., D.Sc., 
of St. John*s College, Cambridge. New Edition. i8mo. 3.? 6d, 
KEY TO EXERCISES IN EUCLID. Crown Svo. 6s, 6d, 
Wilson (J. M.).— ELEMENTARY GEOMETRY. BOOKS 

I. — V. Containing the Subjects of Euclid’s first Six Books. Fol- 
lowing the Syllabus of the Geometrical Association. By the Rev. 

J, M. Wilson, l^.A., Head Master of Clifton College. New 
Edition. Extra fcap. Svo, 4s, 6d, 

TRIGONOMETRY. 

Beasley.— AN elementary treatise on plane 

TRIGONOMETRY. With Examples. By R. D. Beasley, 
M.A. Ninth Edition, revised and enlarged. Crown Svo. p, 6d, 
Lock* — Works by Rev. J. B. Lock, M.A., Senior Fellow, Assistant 
Tutor and Lecturer of Caius poIJege, Teacher of Physics in the 
University of Cambridge ; formcrfy Assistant-Master at Eton. 
TRIGONOMETRY FOR l^EGTNNERS, as far as the Solution of 
Triangles. Globe Svo. zs. 6d, 

ELEMENTARY TRIGONOMICTRY. Fifth Edition (in this 
edition the chapter on logarithms has been carefully revised). 
Globe 8yo. 4f. 6 d. \A Key is in the press, 

Mr. E. J. Routh, D.Sc., F.R.S., writes: — “It is an able treatise. It takes the 
difficulties of the subject one at a time, ^nd so leads the young student easily along." 

HIGHER TRIGONOMETRY. Fifth Globe Svo. 4s, 6d, 

Both Parts complete in One Volume.,.^ Globe Svo. ^s, 6d, 

(See also under Arithmetic and Hic^her Afathemalics.) 

M‘Clelland and Preston — a treatise ON spherical 

' 5 RIGONOMETKY. With numerous Examples. By William 
J. M‘Clelland, Sch.B.A.^, Principal of thd Incorporated Society’s 
School, Santry, Dublin, and Thomas Pees^'on, Sch.B.A. In 
Tuo Paris. Crown Svo. Part I. To the End of Solution of 
Triangles, 4s. 6d, Part II., 

Todhunter. — works by I. Todhunter, M.A., F.R,S., D.Sc., 
late of St. John’s College, Cambridge. 

TRIGONOMETRY FOR BEGINNERS. With numerous 
Examplei. New Edition. iSmo. 2s, 6d, 
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Todhunter— KEY to trigonometry for be. 

GINNERS. Crown 8vo. 8x. (id. 

PLANE TRIGONOMETRY. For Schools and Colleges. New 
Edition, Crown 8vo. 

KEY TO PLANE TRIGONOMETRY. Crown 8vo. los. 6d. 

A TREATISE ON SPHERICAL TRIGONOMETRY. Nvv 
Edition, enlarged. Crown 8vo. 4?. 6d 
(See also under Arithmetic and Mensuration^ Algebra^ and Higher 
Mathematics,) 

HIGHER MATHEMATICS. 

A i ry . — W orl< s by Sir G. R . A i R Y, K. C. B . , for m erly Astronomer' Roy^l. 
ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 
EQUATIONS. Designed for the Use of Students in the Univer- 
sities. With Diagrams. Second Edition. Crown 8vo. 5^. 6^. 
ON THE ALGEBRAICAL AND NUMERICAL THEORY 
OF ERRORS OF OBSERVATIONS AND THE COMBI- 
NATION OF OBSERVATIONS. Second Edition, revised. 
Crown 8vo. 6s. 6<t, 

Alexander (T.).— elementary applied mechanics. 

Being the .simpler and more practical Cases of Stress and Strain 
wrought out individually from fir.st principles by means of Elemen- 
tary Mathematics. By T. Alexander, C.E,, Professor of Civil 
Engineering in the IinperiaF College of Engineering, Tokei, 
Japan. Part 1 . Crown 8vo. 41. 6d. 

Alexander and Thomson.— elementary applied 

MECHANICS. By Thomas Alexander, C.E., Profes'^or of 
Engineering in the Imperial College of Engineering, Tokei, Japan ; 
and Arthur Watson Thomson, C.E., B.Sc., Professor of 
Engineering at the Royal College, Cirencester. Part 11 . Trans- 
verse Stress. Crou n 8vo. loj. 6d. 

Boole.— THE CALCUi.U.S OF FINITE DIFFERENCES. 
By G. Boole, D.C.L.,'F.R.S., late Professor of Mathematics in 
the Queen’s University, Ireland. Third Edition, revised by 
J, F. Moulton. Crown 8vo. los. 6d. t 

Cambridge Senate-House Problems and Riders, 
with Solutions: — 

1875 — PROBLEMS AND RIDERS. By A. G. Greenhill, 
M.A. Crown Svo. Ss, 6d. 

1878-SOLUTIONS OF SENATE-HOUSE PROBLEMS. By 
the Mathematical Mode^at|^rs and Examiners. Edited by J, W. L. 
Glaisher, M.A., Fellow of Trinity College, Cambridge. I2s» 
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Carll.— A TREATISE ON THE CALCULUS OF VARIA- 
TIONS. Arranged with the purpose of Introducing, as well as 
Illustrating, its Principles to the Reader by means of Problems, 
and Designed to present in all Important Particulars a Complete 
View of the Present State of the Science. By Lewis Buffett 
Carll, A. M. Demy 8 vo. 21 s. 

Cheyne — AN elementary treatise on the plan. 

ETAR^ THEORY. By C. H. H. Cheyne, M.A., F.R.A.S. 
With a Collection of Problems. Third Edition. Edited by Rev, 
A. Freei^an, M.A., P'.R.A.S. Crown 8 vo. yj. 61/. 

Christie. — a collection of elementary test- 
questions IN pure and mixed MATHEMATICS; 

with Answers and Appendices on Synthetic Division, and on the 
Solution of Numerical Equations by HorneFs Method. By James 
R. Christie, F.R.S,, Royal Military Academy, Woolwich. 
Crown 8 vo. Ss. 6d, 

Clausius. — mechanical theory of heat. By R. 

Clausius. Translated by Walter R. Browne, M.A., late 
Fellow of Trinity College, Cambridge. Crown 8 vo. iol 6ci, 
Clifford. — THE ET.EMENTS OF DYN/.MIC. An Introduction 
to the Study of Motion and Rest in Solid and Fluid Bodies. By W. 
K. Clifford, F.R.S. , late Professor of Applied Mathematics and 
Mechaniesat University College, I.ondon. Part I. — KINEMATIC. 
Crown 8 vo. Books I — III. js, 6d. ; Book IV. and Appendix 
6 ^. 

Cockshott and Walters.'— GEOMETRICAL CONICS. 

An Elementary Treatise. Drawn up in accordance with the 
Syllabus issued by the Society for the Improvement of Geometrical 
Teaching. By A. Cockshott, M.A., formerly Fellow and 
Assistant-Tutor of Trinity C<dlege, Cambridge, and Assistant- 
Master at Eton; and Rev. F. B. Walters, M.A., Fellow of 
Queens’ College, Cambridge, and Principal of King William’s 
College, Isle of Man. With Diagrams. Crown 8 vo. 

[In the press, 

Cotterill. — applied mechanics 4 an Elementary General 

Introduction to tlie Theory of Structures and Machines. By 
James H. Cotterill, F.R.S., Associate Member of the Council 
of>the Institution of Naval Architects, Associate Member of the 
Institution of Civil Engineers, Professor of Applied Mechanics in 
the Royal Naval College, Greenwich. Medium 8 vo, iSs, 

Day (R. E.) —electric light arithmetic. By R. E. 

Day, M.A., Evening Lecturer in Experimental Physics at King’s 
College, London. Pott 8 vo. 2s, 

Drew.— GEOMETRICAL TREATISE ON CONIC SECTIONS. 
By W. H. Drew, M.A., St, John% College, Cambridge. New 
Edition, enlarged. Crown 8 vo. 5 j, 
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Dyer.— EXERCISES in analytical geometry. Com- 

piled and arranged by J. M. Dyer, M.A., Senior Mathematical 
Master in the Classical Department of Cheltenham College. With 
Illustrations. Crown 8vo. 6^. 

Eagles. —CONSTRUCTIVE GEOMETRY OF PLANE 
CURVES. By T. H. Eagles, M.A., Instructor in Geomctr^.al 
Drawing, and Lecturer in Architecture at the Royal Indian En- 
gineering College, Cooper’s Hill. With numerous Examples. 
Crown 8vo. 12s. 

"Edgar (J. H.) and Pritchard (G. S.). — NOTE-BOOK ON 
PRACTICAL SOLID OR DESCRIPTIVE GEOMETRY. 
Containing Problems with help for SolutioiLS. By J. H. Edgar, 
M.A., Lecturer on Mechanical Drawing at the Royal School of 
Mines, and G. S. Pritchard. Fourth Edition, revised ‘oy 
Arthur Meeze. Globe 8vo. 4.^. 6^. 

Edwards.— THE differential calculus. With Ap- 
plications and numerous Examples. An Elementary Treatise by 
Joseph Edwards, M.A., formerly Fellow of Sidney Sussex 
College, Cambridge. Crown 8vo. lo.r. 6^/. 

Ferrers. — Works by the Rev. N. M. Ferrers, M.A., Master of 
Gonville and Caius College, Cambridge. 

AN ELEMENTARY TREATISE ON TRILTNEAR CO- 
ORDINATES, the Method of Reciprocal Polais, and the Theory 
of Projectors. New E<lition, revised. Crown 8vo. 6s, 6d, 

AN ELEMENTARY TREATISE ON SPHERICAL HAR- 
MONICS, AND SUBTECTS CONNECTED WITH 
THEM. Crown 8vo. 7^. 6;/. 

Forsyth.— A treatise on differential equa- 
tions. By Andrew Ro.ssell Forsyth, M. A., F.R.S., P^ellow 
and Assistant Tutor of Trinity College, Cambridge. 8vo. 14J. 

Frost. — Works by Percival Fr.'^st, M. A., D.Sc., formerly Fellow 
of St, John’s College, Cambridge ; Mathematical I.,ecturer at 
King’s College. 

AN ELEMENTARY TREATISE ON CURVE TRACING. By 
Percival Frost, M. A. 8vo. 

SOLID GEOMETRY. Third Edition. Demy 8vo. 16s. 

HINTS FOR THE SOLUTION OF PROBLEMS in the Third 
Edition of SOLID GEOMETRY. 8vo. Ss. 6d, 

Greaves.— A treatise on elementary STATICS.#By 

John Greaves, M.A., Fellow and Mathematical Lecturer of 
Christ’s College, Cambridge. Crown 8vo. 6s, 6d, 

STATICS FOR BEGINNERS. By the Same Author. 

[In preparation* 
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Greenhill.— differential and integral cal- 

CUI.US. With Applications. By A. G. Grkeniiill, M.A., 
Professor of Mathematics to the Senior Class of Artillery Officers, 
Woolwich, and Examiner in Mathematics to the University of 
London. Crown 8vo. *]s, 6d, 

Hemming.— an i':LEMF:NTARy treatise on the 

DIFFKRENTIAL AND INTEGRAL CALCUI.US, for the 
Use 01 Colleges and Schools, By G. W. IIk.mmIjSG, M.A., 
Fellow of St. John’s College, Cambridge. Second Edition, with 
Corrections and Additions. 8vo. 9^. 

Ibbetson. — the mathematical theory of per- 

FECTf.Y ELASTIC SOLIDS, with a shoit account of Viscous 
Fluids. An J'dcmentnry Treatise. By William John Ihbet.son, 
M.A., Fellow of the Royal Astronomical Society, and of the Cam- 
bridge Philosophical Society, Member of the London Mathematical 
Society, late Senior Scholar of Clare College, Cambridge. 8vo. 21s, 

Jellett (John H.).— a TRlLVnSE ON the theory of 
FKICITON. By John II. Jlllett, B.D., Provost of Trinity 
College, Dublin; President of the 4 'voyaJ Irish Academy. 8vo. 
8^. 

Johnson. — Works by William Woolsey Johnson, Professor of 
Matbcmalics nt the U.S. Naval Academy, Aniiopolis, Maiyland. 
IN'l'KORAL CATyCULUS, an Elementary Trcati.so on the; 

Founded on the Method of Rates or kluxions. Demy 8vo. Ss. 
CURVE TRACING IN cAr^I'ESIAN CO-ORDINATES. 
Crown 8vo. 4s. 6d, 

Jones.— EXAMPLES IN PHYSICS. By 1 ). E. Jones, B.Sc., 
Lecturer in Physics in University College, Aberystwyth. Fcap. 
8 VO. \In the pre^s, 

Keiland and Tait.— introduction quater- 
nions, with numerous emmplcs. by P. Kelland, M.A., 
F. R.S., and P. G. Tait, M.A., Professors in the Department of 
Mathematics in the University of Edinburgh. Second Edition. 
Crown 8vo. 6d. 

Kempe.-— HOW TO draw a straight line : a Lecture 

dh Linkages. By A. B. Kempe. With Illustrations. Crowm 8vo. 
If. 6d. {A atn?'e Series,] ^ 

Kennedy.— THE MECHANICS OF MACHINERY. By A. 
B. W. Kennedy, F.R.S., M.Inst.C.lC, Professor of Pmgincering 
and Mechanical Technology in University College, Loucion. With 
Illustrations. Crown 8vo. I2f. 6d, 

Knox.— DIFFERENTIAL CALCJJLUS FOR BEGINNERS. 
By Alexander Knox. Fcap. 8vo. 3f. 6d, 
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Lock, — Works ly the Rev. J. B, Lock, M.A., Author ot 
“Trigonometry,” “Arithmetic for Schools,” &c., Jind Teacher of 
Physics in the University of Cambridge. 

ITKUIER TRIGONOMETRY. Fifth Edition. Globe Svo. 4^. 6^/. 
DYNAMICS FOR BEGINNERS. Globe Svo. 3s. (>d. 
STATICS FOR BEGINNERS. Globe Svo. [In the press. 
(See also under Arithmetic and T^'ioonometiy.} ^ 

Lupton.— CHEMICAL ARITHMETIC, With l,2& Examples. 
By Sydney Lupton, M.A., F.C.S., F.T.C., formerly Assistant 
Master in Harrow School. Second Edition. Fcap. Svo. 4f. 6d. 

Macfarlane.— physical arithmeitc. By ai,exani)f.r 

Macfarlane, M. a., D.Sc., F.R.S.E., Examiner in Mathematics 
to the University of Edinburgh. Crown Svo. Js. 6d. 

MacGregor.— kinematics and dynamics. An Ele- 

menlary Treatise. By James Gordon MacGregor, M.A., 
D. Sc., Fellow of the Royal Societies of Edinburgh and of Canada, 
Muuro Professor of Physics in Dalhousie College, Halifax, Nova 
Scotia. With Illustrations. Crown Svo. lo.?. Cd, 

Merriman — A TEXT BOOK OF THE METHOD OF LEAST 
SQUARES. By Mansfield Merriman, Profes'^or ot Civil 
Engineering at l^ehigh University, Member of the American 
Philo.sophical Society, American Association for tlie Advancement 
of Science, &c. Demy Svo. 8.r. 6d. 

Millar.— ELEMENTS OF DESCRIPTIVE GEOMICTRY. By 
J.B. Millar, C.E., Assis^^ant Lecturer in Engineering in Owens 
College, Manchester. Crown Svo. 6s. 

Milne.— WEICKLY problem papers, with Notes intended 

for the use of students preparing for Mathematical Scholarships, and 
for the Junior Members of the Universities who are reading for Mathe- 
matical Honours. By the Rev. John J. Mit.ne, M.A., formerly 
Second Master of Heversliam Grammar School. Pott Svo. 4J. 6d. 
SOLUTIONS TO WEEKLY PROBLEM PAPERS. By the 
same Author. Crown Svo. iol 6d. 

COMPANION TO “WEEKLY PROBLEM PAPERS.” By 
the same Author. Cro»»m Svo. [Nearty ready. 

Muir.— A TREATISE ON THE THEORY OF DETERMI- 
NANTS. With graduated sets of Examples. For u.se in Colleges 
and Schools. By Thos. Muir, M.A., F.R.S.E., Mathematical 
Master in the High School of Glasgow. Crown Svo, 7 j. 6d. 
.Parkinson.— AN ELEMENTARY TREATISE ON ME- 
CHANICS. For the Use of the Junior Classes at the University 
and the Higher Classes in Schools. By S. Parkinson, D.D., 
P\R.S., Tutor and Prjclector of St. John’s College, Cambridge. 
With a Collection of Examples. Sixth Edition, revised. Crown 
Svo. gs. 6d, ^ 
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Pirie. — lessons on rigid dynamics. By the Rev. G. 

PiRiE, M.A., late P'ellow and Tutor of Qiieen^s College, Cam- 
bridge; Professor of Mathematics in the University of Aberdeen. 
Crown Svo. 6s, 

Puckle.~AN ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAIC GEOMETRY. With Numerous 
Examples and Hints for their Solution ; especially designed for the 
Use if Beginners. By G. II. Puckle, M.A. Fifth Edition, 
revised and enlarged. Crown Svo. •js. 6d. 

Reuleaui.— THE kinematics of machinery. Out- 

lines of a Theory of Machines. By Professor F. Reuleaux. 
Translated and Edited by Professor A.,B. W. Kennedy, F.R.S., 
C.E. With 450 Illustrations. Medium Svo. 2is. 

Rice and Johnson — differential calculus, an 

Elementary Treatise on the ; Founded on the Method of Rates or 
Fluxions. By John Minot Rice, Professor of Mathematics in 
the United State^Navy, and William Woolsev Johnson, Pro- 
fessor of Mathematics art the United States Naval Academy. 
Third Edition, Revised and Corrected. Demy Svo. 16s. 
Abridged Edition, 8 l • • 

Robinson — treatise on marine surveying, Pre- 

pared for the U‘-e of younger Naval Officers. With Questions for 
^Examinations and Exercises principally from the Papers of the 
Royal Naval College. With the results. By Rev. John L. 
Robinson, Chaplain and Instiucipr in the Royal Naval College, 
Greenwich. With Illustrations. Crown Svo. yj. 6d. 

Contents. — Symbols u.sed in Ch.'irts and Surveying— The Construction and^ Use 
of .Scales — Laying off Angles — Fixing Positions by Angles — Charts and Chart- 
I'lr.Twing — Instrument', and Observing — Ba'C Lines— Tnangiilation — Levelling- 
Tides and Tidal Observations— Soundings — Chroncaneters — Meridian Distances 
—Method of Plotting a Survey— Miscellaneous Exercises — Index. 

Routh . — Works by Edward John Routh, D.Sc., LL.D., 
F.R.S., Fellow of the Uiii\t;rsity of London, Hon. Fellow of St. 
Peter’s College, Cambridge. 

A TREATISE ON THE DYNAMICS OF THE SYSTEM OF 
RIGID BODIES. With luimeroiis Example^. Fourth and 
enlarged Edition. Two Vols. Svo. Vol. 1 . — Elementary Parts. 
^4$*. Vol. II. — The Advanced Parts. 14^. 

STABILITY OF A GIVEN STATE OF MOTION, PAR- 
TICULARLY STEADY MOTION. Adims’ Prize Essay for 
1877. Svo. 8 j. 6 d. 

Smith (C.). — Works by Charles Smith, M.A., Fellow and 
Tutor of Sidney Sussex College,Xambridge. 

CONIC SECTIONS. Fourth Edition. Crown Svo. 7^. 6d, 

AN ELEMENTARY TREATISIJ ON SOLID GEOMETRY. 
Second Edition. Crown Svo. 9 l 6d, (See also under Aigedra,) 

d 2 
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Tait and Steele.— a treatlse on dynamics of a 

PARTICLE. With numerous Examples. By Professor Tait 
and Mr. Steele. Fifth Edition, revised. Crown 8vo. I2s. 
Thomson, — Works by J. J. Thomson, Fellow of Trinity College, 
Cambridge, and Professor of Experimental Idiysics in the University. 
A TREATISE ON THE MOTION OF VORTEX RINGS. An 
Essay to which the Adams Prize was adjudged in in tie 
University of Cambridge. With Diagrams. 8vo. 6^ 
APPLICATIONS OF DYNAMICS TO PHYSICS AND 
CHEMISTRY. Crown 8vo. [In the press. 

Todhunter. — Works by I. Todiiunter, M.A., F.R.S., D.Sc., 
late of St. John’s College, Cambridge. 

Mr. Todhunter is chiefly known to students of Mathematics as tlie .-mlhor of a 
setie.s of admirable mathematical text-books, which poasess the rare qualities of bci.ij' 
clear in style and absolutely free from mistakes, typograpliical and other*'-- 
Saturday Rkvikw, ' 

MECHANICS FOR BEGINNERS. With numerous h^xamples. 

New Edition. l8mo. 4s , 6d, ^ 

KEY TO MECHANICS FOR BEGINNERS. Crown Svo. 6s . 6d , 
AN ELEMENTARY TREATISE ON THE THEORY OF 
EQUATIONS. New ICdition, revised. Crown Svo. * js . 6d. 
PLANE CO-ORDINATE GEOMETRY, as applied to the Straight 
Line and the Conic Sections, With numerous ICxamples. New 
Edition, revised and enhrged. Crown Svo. 7.$*. (nL 
KEY TO PLANE CO- ORDINATE GEOMETRY. By C, W. 
Bourne, M.A. Head Master of the College, Inverness, Crown 
Svo. loj. 6d. 

A TREATISE ON THE DIFFERENTIA!. CALCULUS. With 
numerous I^xamplcs. New Edition. Crown Svo. lO.?. 6/. 

A KEY. By H. St. J. Hunter, M.A. [/// the press , 

A TREATISE ON TEIE INTEGRAL CALCULUS AND ITS 
APPLICATIONS. With numerous E.xamples. New Edition, 
revised and enlarged. Crown Svo. lox. 6d. 

EXAMPLES OF ANALYTICAL GEOMETRY OF THREE 
DIMENSIONS. New Edition, revised. Crown Svo. 4^. 

A TREATISE ON ANALYTICAL STATICS. With numerous 
Examples. Fifth Editioh. Edited by Professor J. D. Everett, 
F.R.S. Crown Svo. ioj. 6d, 

A HISTORY OF THE MATHEMATICAL THEOliy OF 
PROBABILITY, from the time of Pascal to that of Laplace. 

SVsO. i8j. t 

A HISTORY OF THE MATHEMATICAL THEORIES OF 
ATTRACTION, AND THE FIGURE OF THE EARTH, 
from the time of Newton to. that of Laplace. 2 vols. Svo. 24^. 
AN ELEMENTARY TREAtlSE ON LAPLACE’S, LAME’S, 
AND BESSEL’S FUNCTIONS. Crown Svo. lo^. 6./. 

(See also under Arithmetic and l^t.nsiiration^ Algebra^ and Trigotmnetry , ) 
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Wilson (J. M.).— SOLID GEOMETRY AND CONIC SEC- 

TIONS. With Appendices on Transversals and Harmonic Division. 
For the Use of Schools. By Rev. J. M. Wilson, M.A, Head 
Master of Clifton College. New Edition, Extra fcap. 8vo. 3^*. 6^/. 

Woolwich Mathematical Papers, for Admission into 
• the ^qval Military Academy, Woolwich, i88o — 1884 inclusive. 

Crowns VO. 3J. (id, 

Wolstenholme.— MATHEMATICAL PROBLEMS, on Sub- 

jects included in the First and Second Divisions of the Schedule of 
subjects for the Caixibridgc Mathematical Triiios Exaiiiination, 
Devised and arranged by Joseph Wolstenholme, D Sc., late 
Fellow of Christ’s College, .sometime Fellow of St. John’s College, 
and Profe.^sor of Mathematics in the Royal Indian Engineering 
College. New Edition, gi*eatly enlarged. 8vo. i8j. 
EXAMPLES FOR PRACTICE IN THE USE OF SEVEN- 
FIGURE LOGAI^I PIIMS. By thesamc Author. [/;/ preparation. 


SCIENCE. 

(t) Natural Philosophy, (2) Astronomy, (3) 
Chemistry, (4) Biology, (5) Medicine, (6) Anthro- 
pology, (7) Physical Geogrfyphy and Geology, (8) 
Agriculture. 

NATURAL PHILOSOPHY. 

Airy. — Worl<s by Sir G. B. Airy, K.C.B., formerly Astronomer- 
Royal. 

ON SOUND AND ATMO^HKRIC VIBRATIONS. With 
the Mathematical Elements of Music. Designed for the Use of 
Students in the University. Second Edition, revised and enlarged. 
Crown 8vo 9J. • 

A TREATISE ON MAGNETISM. Designed for the Use of 
Sjjidents in the University. Crown 8vo. Qf. 6c/. 
GRAVITATION an Elementary Explanation of the Principal Per- 
turbations in the Solar System. Second Edition.^rown 8vo. *j'S, 6 d, 

Alexander (T.).— elementary applied mechanics. 

Being the simpler and more practical Ca.ses of Stre-s and Strain 
wrought out individually from first principles by means of Ele- 
mentary Mathematics, By T. Alexander, C.E., Professor of 
Civil Engineering in the Imperial College of Engineering, Tokei, 
Japan. Crown Svo. Part L 4f. 6<f. 
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Alexander — Thomson, — elementary APPLIED 
MECHANICS. By Thomas Alexander, C.E., Professor of 
Engineering in the Imperial College of Engineering, Tokci, Japan ; 
and Arthur \Vat.son Tieomson, C.E., B.Sc., Professor of 
Engineering at the Royal College, Cirencester. Part II. Trans- 
verse Stress; upwards of 150 Diagrams, and 200 Examples 
carefully worked out. Crown 8vo. 10s, 6d. . 

Ball (R. S.).— experimental mechanics, a Course of 

Lectures delivered at ihe Royal College of Science for Ireland. 
By Sir R. S. Ball, M. A., Astronomer Royal for IreRiid. Cr. 8vo. 

\New and Cheaper Edition in the press, 

Bottomley.— four-figure mathematical tables. 

Comprising Logarithmic and Trigonometrical Tables, and Tables 
of Squares, Square Roots, and Reciprocals. By J. T. Bottomlev, 
M.A., F.R.S.E., F.C.S., Lecturer in Natural Philosophy in the 
University of Glasgow. 8vo. 2s, 6d, 

Chisholm. — THE science of weighing and 
measuring, and the standards of measure 

AND WEIGHT. By H.W. Chisholm, Warden of the Standards. 
With numerous Illustrations. Crown 8vo. 4?. 6d, {Nature Series), 

Clausius.— mechanical theory of heat. By R. 

Clausius. Translated by Walter R. Browne, M.A., late 
Fellow of Trinity College, Cambridge. Crown 8vo, 10s. 6d, 

Cotterill.— applied mechanics: an Elementary General 
Introduction to the Theor) of Structures and Machines. By 
James H. Cotterill, F.R.S., A.ssociate Member of the Council 
of the Institution of Naval Architects, Associate Member of the 
Institution of Civil Engineers, Professor of Ajiplied Mechanics in 
the Royal Naval College, Greenwich. Medium 8vo. i8.f. 

Gumming.— AN introduction to the tpieory of 

ELECTRICITY. By LiNNiEUS Cumming, M.A., one of the 
Masters of Rugby School. With Illustrations, Crown 8vo. 
8 l 6d, 

Daniell.— A text-book of the principles of 

PHYSICS. By Alfred Daniell, M.A., LL.B., D.Sc., 
F.R.S.E., late Lecturer on Physics in the School of Medicine, 
Edinburgh. With Illustrations. Second Edition. Revised and 
Enlarged. Medium 8vo. 2i^. 

Day.— ELECTRI'c light arithmetic. By R. E. Day, 

M.A., Evening Lecturer in Experimental Physics at King’s 
College, London. Pott 8vo. 2s, 

Everett.— UNITS AND physical constants. By J. D. 
Everett, M.A., D.C.L.^ F.R.S , F.R.S.E., Professor of 
Natural Philosophy, Queer’s College, Belfast. Second Edition, 
Extra fcap. 8vo. ^s. 
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Gray.— ABSOLUTE measurements in electricity 

AND MAGNETISM. By Andrew Gray, M.A., F.RS.E., 
Profc.^^sor of Physics in the University Collej^e of North Wales. 
Two Vols. Crown 8vo. Edition in the press. 

Greaves.— STATICS FOR BEGINNERS. By John Greaye^, 
• M.A., Fellow and Mathematical Lecturer of Christ's C'ollege, 
Cambrjjgc. [/->/ preparation. 

Grove.— A dictionary of music and musicians. 

(a.d. 1450 — 1SS6). By Eminent Writers, English and Foreign. 
Edited by Sir George Grovis D.C.L., Diieclor of the Royal 
College of Music, Demy 8vo. 

Vols. L, II., and If I. Price 2is. each. 

» Vol. I. A to IMPROMPTU. Vol. II. IMPROPERIA to 
PLAIN SONG. Vol. III. PLANCIIK TO SUMER IS 
ICUMEN in. Demy 8vo. cloth, with Illustrations in Music 
Type and Woodcut. Also publishccl in Parts. Part.s I. to XIV., 
Parts XIX — XXI If, price 6d, each. Parts XV., XVL, price 

Parts XVIL, XVIII., price 7^. 

(Part XXIT.) just published, con^:>Iet^s the DICTIONARY OF 
Music and Musicians as originally contemplated. But an Appendix 
and a full general Index are in the press. 

“Br. Grove's Dictionary will be a boon to every intelligent lover of music."— 
Saturday Review. 

Huxley.— introductory primer of science. By T. 

11 . Huxley, F.R.S., &c. i8!lio> is. 

Ibbetson.— THE mathematical theory of per- 

FECTLY P'.LASTIC SOJADS, with a Short Account of Viscous 
Fluids. An Elementary Treatise. By Wii.LiAM John Tiibetson, 
B.A., I'.R.A.S., Senior Scholar of Clare College, Cambridge. 8vo. 
Price 21 s. 

Jones.— EXAMPLES IN physics. By D, E. Jones, B.Sc. 
Lecturei^in Physics in University College, Aberystwyth. P'cap. 8vo. 

{in the pres's. 

Kempe.— HOW TO DRAW A STRAIGHT LINE; a J.ecturc 
on Linbages. By A. B. Kemps. With Illustrations. Crown 
8^0. is, 6d. {Nature Series,) 

Kennedy.— the MECHANICS OF MACiyNERY. By A. B. 
W. Kennedy, P\R.S., M.lnst.C.E., Professor of Engineering and 
Mechanical Technology in liniversity College, London. With 
numerous Illustrations. Crown 8vo. 12s, 6d, 

Lang.— EXPERIMENTAL PHYSICS. By P. R. Scott Lang. 
M.A., Profesbor of Mathematics in the University of St. Andrews. 
With Illustrations. Crown 8vo. • [In thepf^ess. 
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Lock. — Works by Rev. J. B. Lock, M.A., Senior Fellow, Assistant 
Tutor, and Lecturer in Mathematics and Physics, of Gonville and 
Cains College, Teacher of l^hysics in the University of Cam- 
bridge, See, 

DYNAMICS FOR BEGINNERS. Globe 8vo. 3s. 6A 
STATICS FOR liEGINNERS. Globe 8 vo. [In prpamHon. 
Lupton.— NUMERICAL TABLES AND CONSTANTS IN 
ELEMENTARY SCIENCE. By Sydney Lup-ATn, M.A,. 
F.C.S,, F.I.C., Assistant Master at Harrow School., hlxtra fcap, 
8vo. 2j. Gii. 

Macfarlane,— PHYSICAL arithmetic. By Alexander 

Macfarlank, D.Sc., Examiner in Mathematics in the University 
of Edinburgh , Crown 8 vo. ^s. 6J. 

Maegregor.— RTNEIMATICS and dynamics. An Ele- 
mentary dVea I i'-e. By James Gordon Macoreoor, M.A., 1). Sc., 
Fellow of the Royal Societies of Edinburgh and of Canada, Munro 
Professor of Pliysics in Dalliousie College, ^Halifax, Nova Scotia. 
With Illustrations. Crown 8vo. tos. 61. 

Mayer. — SOUND *. a Series of Simple, Entertaining, and Inex- 
pendve lApciiment^ in tne Phenomena of Sound, for the Use of 
Students of cveiy nge. By A. M. Mayer, Professor of Physics 
in the Stevens Institute of Technology, cS:c. With numerous 
Illustrations. Crown Svo. 2.?. 6^/. S^n\'s.) 

Mayer and Barnard, — LIGHT: a Series of Simple, Enter- 
taining, and Jnoxpeiv ive Expej:iments in the Phenomena of Light, 
for the Use of Students of every age. By A. M. Mayer and C. 
Barnard. With numerous Illustrations. Crown Svo. 2s, 61. 
{A^aiure Svnes . ) 

Newton. — PRTNCIPIA. Edited by Professor Sir W. Thomson 
and Professor Blackiutrne. 4(0, cloth. 31^*. 6d. 

THE FIRSd' THRIVE SECTIONS OF NEWTON’S PRIN- 
CIPIA. With Notes and Illustrations. Also a Colleclion of 
Problems, principally intended as^’Exainplcs of NcwtoiVs Methods. 
By Percival Frost, M.A. Third Edition. Svo. I2.r. 
Parkinson." - A TREA1«^SE on op l ies. By S. Parkinson, 
D.D., F.R.S., d’utor and Prmlcctor of St. John’s College, Cam- 
bridge. Fourili Edition, revised and enlarged. Crt)wn Svo. los, 6d. 

Perry^— STEAM, an elementary treatise.” By 

John Perry, Q.E., Whitworth Scholar, Fellow of the Chemical 
Society, Professor of Mechanical Engineering and Applied Mech- 
anics at the Technical College, Finsbury. With numerous Wood- 
cuts and Numerical Examples and Exercises. i8mo. ^s. 6d. 

Ramsay.— experimental proofs of chemical 

THEORY FOR BEGINNERS. By William Ramsay, Ph.D., 
Professor of Chemistry in University College, Bristol. Pott Svo. 
2s. 6d. 
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Rayleigh.— THE THEORY OF SOUND. By Lord Rayleigh, 
M.A., F.R.S., formerly Fellow of Trinity College, Cambridge, 
8vo. VoL I. I2s. 6d, Vol. II. 12 s, 6d, \yoL III, in the press, 

Reuleaux— THE KINEMATICS OF MACHINERY. Out- 

lines of a Theory of Machines. By Professor F. Reuleaux. 

\ Translated and Edited by Professor A. B. W. Kennedy, F.R.S., 
C.E. JjVith 450 Illustrations. Medium 8vo. 2 \s. 

Roscoe and Schuster — spectrum analysis. Lectures 

delivered*in 1868 before the Society of Apothecaries of London. 
By Sir Henry E. Roscoe, LI..!)., F.R. S., formerly Professor of 
Chemistry in the Owens College, Victoria University, Manchester. 
Fourth Edition, revised and considerably enlarged by the Author 
and by Arthur Schuster, F.R.S., Ph.D., Professor of Applied 
Mathematics in the Owens College, Victoria University. 
With Appendices, numerous Illustrations, and Plates. Medium 
8vo. 2 IX. 

Shann.— AN ele’mentary treatise on heat, in 

RELATION TO STEAM AND THE STEAM-ENGINE. 
By G. Shann, M, A. With Illustraf ion*# Crown 8 vo. e^s, 6 d, 

Spottiswoode.— POT.ARTSATION OF TJGHT. By the late 
W. SroTTiswooDE, P'.R.S. With many Illustrations. New 
P-lditioii. Crown 8vo. 3X. (id, {Nature Senes,) 

Stewart (Balfour). — Works^by Balfour S iewart, F.R.S., 
Professor of Natural Philosophy Si the Owens College, Victoria 
University, Manchester. 

PRIMER OF PHYSICS. With numerous Illustrations. New 
Edition, with Questions. 181110. ix. {Science PrUners,) 
I.ESSONS IN ELEMENTARY PHYSICS. W^ith numerous 
Illustrations and Chroinolitho of the v^pectra of the Sun, Stars, 
and Nebuloe. New Edition.^ P"cap. 8vo. 4X. (id, 

QUESTIONS ON BALFOUR STEWART’S ELEMENTARY 
LESSONS IN PHYSICS. By Prof. Thomas H. Core, Owens 
College, Manchester. Fcap. 8vo. 9 s, 

Stewart and Gee.— elementary practical phy- 

S(CS, LESSONS IN. By Professor Balfour Stewart, M.A., 
LL.I)., F.R.S., and W. W. Haldane Gee,JB.Sc. Crown 8vo, 
Vol. I.---GENERAL PHYSICAL PROCESSES. 6x. 

Vol. IL— ELECTRICITY AND MAGNETISM, yx. 6d, 

Vol. III.— OPTICS, HEAT, AND SOUND. [/« the press, 

A SCHOOL COURSE OF PRACTICAL PHYSICS. By the 
same Authors. 

Part L— ELECTRICITY AND MAGNETISM. [In the press. 
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Stokes. — ON LIGHT. Being the Burnett Lectures, delivered in 
Aberdeen in 1883, 1884 -1885. By Gf.orge Gabriel Stokes, 
M.A., P.R.S., &c., Fellow of Pembroke College, and Lucasian 
Professor of Mathematics in the University of Cambridge. First 
Course: On the Nature of Light.— Second Course: On 
Light as a Means of Investigation. — Third Course : ON TifE 
Beneficial Effects OF Light. Crown 8vo. 2r. 6r/.xadi. Also 
complete in one volume. 7^. Cd ^ 

Stone.— an elementary TREATLSE on sound. By 

W. H. Stone, M.D. With Illustrations. i8mo. 3.f. 6d. 

Tait— HEAT. By P. G. Tait, M.A., Sec. R.S.E., formerly 
Fellow of St. Peter’s College, Cambridge, Professor of Natural 
Philosophy in the Univerity of Edinburgh. Crown 8vo. 6s. • 

Thompson.— EI.EMEN'l’ ARY LESSONS IN ELECTRICITY 
AND MAGNETISM. By Silvanus P. Thompson, Principal 
and Professor of Phybics in the Technical College, lunsbury. Wiih 
Illustrations. New Edition, Revised. Twenty-Eighth Thousand. 
Fcap. Svo. 4L 6^/. 

Thomson, Sir W.— ELECTROSTATICS AND MAG- 
NETISM, REPRINTS OF PAPERS ON. By Sir Wiujam 
Thomson, D.C.L., LL.D., F.K.S., F.R.S.E., Fellow of St. 
Peter’s College, Cambridge, and Professor of Natural Philosophy 
in the University of Glasgow^. Second Edition. Medium Svo. 
i8j. ^ r 

Thomson, J. J.— THE MOTION OF VORTEX RINGS, A 

TREATISE ON. An Es^ay to which the Adams Prize was 
adjudged in 1882 in the University of Cambridge. By J. J. 
Thomson, I'e! low of Trinity College, Cambridge, and Professor of 
Experimental Physics in the University. With Diagrams. Svo. 6s. 
APPLICATIONS OF DYNAMICS TO PHYSICS AND 
CHEMISTRY. By the same Aathor. Crown Svo. 

\In ihe press, 

Todhunter.— NATURALPIIILOSOPHY FOR BEGINNERS. 
By I. Todhunter, M.A., F.R.S., D.Sc. 

Part I. The Properties of Solid and Fluid Bodies. l8mo, 35. 6d, 
Part II. Sound, Light, and Heat. i8mo. 3^. 6d, s 

Turner.— HEATj.AND electricity, a collection of 

EXAMPLES ON. By H. H. Turner, B. A., Fellow of Trinily 
College, Cambridge. Crown Svo. 2s, 6d, 

Wright (Lewis). ■— light ; A COURSE OF EXPERI- 
. MENTAL OPTICS, CHIEFLY WITH THE LANTERN. 
By I.EWis Wright. Wijb nearly 200 Engravings and Coloured 
Plates. Crown Svo. 'js, bd. 
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ASTRONOMY. 

Airy.— POPULAR astronomy. With IllustraUons by Sif 
G. B. Airy, K.C.B., formerly Astronomer-Royal. New Edition. 
i8mo. 4s, 6(f. 

Ferbe^.-rTRANSIT of VENUS. By G. Forbes, M.A., 
Profess** of Natural Philosophy in the Andersonian Univer-ity, 
Glasgow. Illustrated. Crown 8 vo. ^s. 6if. (A^a(ure Series,) ' 
Godfray.-AVoiks by IIugic Godfkay, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY, for the Use of Colleges and 
Schools. Fourth Edition. 8vo. i2s, 6d. 

AN ELEMENTARY TREATISE ON THE LUNAR THEORY, 
with a Brief Sketch of the Problem up to the time of Newton. 
Second Edition, revised. Crown 8vo. 6d. 

Lockyer. — Works by J. Norman I.ocicylr, F.R.S. 

PRIMER OF ASTKONOJ'IY. With luimeroiis lllustrati >iis. 

New Edition. l8mo, is. {Science Primers.) 

ELEMENTARY LESSONS IN ASTRO> 4 pMV. With Coloured 
Diagram of the ^Spectra of the Sun, Stars, and Ncbiilm, and 
numerous Illustrations. New Edition. P'cap. 8vo. ^s. 6(i, 
QUESTIONS ON LOCKYER’S ELEMENTARY J.ESSONS IN 
ASTRONOMY. For the Use of Schools. By John Forbes- 
Robertson. i8mo, cloth limp is, 6d. 

THE CHEMISTRY OF THE SiJli With Illustrations. 8vo. I4.r. 
Newcomb.— POPUI.AR astronomy. By S. Newcomb, 
LL.D., Professor U.S. Naval Ob^^ervatory. With 112 Illuslration> 
and 5 Maps of the Stars. Second Edition, revised. 8vo. i8j. 
“It is unlike anything else of its kind, and will he of more use in circulating a 
knowledge of Astronomy than nine-tenths of the books winch have ajipeared on the 
.subject of late years.* '—S aturday Review, 

CHEMISTRY. 

Armstrong.— A manual of inorganic chemistry. 

By Henry Armstrong, Ph.D., F.R.S., Professor of Chemistry 
in the City and Guilds of London Technical Institute. Crown 8vo. 
• [In preparation, 

Cohen.— THE OWENS college course of prac- 
tical organic chemistry. By Julius B. Cohen, 

Ph.D., F.C.S., Assistant Lecturer on Chemistry in the Owens 
College, Manchester. With a Preface by Sir Henry Roscoe, 
F.R.S., and C. Schorlemmer, F.R.S. Fcap. 8vo. 2s, 6d, 

Cooke .— elements of chemical physics. By JosiAlt 

P. Cooke, Junr., Erving Profes.sp%of Chemistry and Mineralogy 
in Harvard University. Fourth Edition. Royal 8vo. zis. 
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Fleischer.— A SYSTEM OF VOLUMETRIC ANALYSIS. 
Translated, with Notes and Additions, from the Second German 
Edition by M. M. Pattison Muir, E.R.S.E. With Illustrations. 
Crown 8vo. 7^. (id, 

Frankland.— agricultural chemical analyses, 

A Handbook of. By Percy Faraday Frankla^’d,^ Ph.E., 
B.Sc., F.C.S., Associate of Hhe Royal School of //Mines,' and 
Demonstrator of Practical and Agricultural Chemistry in the 
Normal School of Science and Royal School of •»Mines, South 
Kensington Museum. Founded upon Leitfadcn fiir die Agriciillure 
Chankhc Amlyse^ von Dr. P\ Krocker. Crown 8vo. Ts, 6d, 

Hartley.— A COURSE OF QUANTITATIVE ANALYSIS 
FOR STUDENTS. By W. N. Hartley, F.R.S., Professor, of 
Chemistry in the Royal College of Science, Dublin. Illustrated. 
Fcap. 8vo. \ Just ready, ^ 

Jones. — Works by Francis Jones, F.R.S.E., F.C.S., Chemical 
Master in the Grammar School, Manchester. 

THE OWENS COLLEGE JUNIOR COURSE OF PRAC- 
TICAL CHEMIST, RV. With Preface by Sir Henry Roscoe, 
F.R.S., and Illustrations. New Edition. l8mo. 2 s, 6d, 
QUESTIONLS ON CHEMISTRY. A Series of Problems and 
Exercises in Inorganic and Organic Chemistry. Fcap. 8vo. 3.r. 

Landauer.— Bl.OWPIPE ANALYSTS. By J. Landauek. 
Authorised English Edition l^y J. Taylor and W. E. Kay, of 
Owens College, ManchesteK Extra fcap. 8vo, 4 r. 6d, 

Lupton.— CHEMICAL ARITHMETIC. With 1,200 Problems. 
By Sydney Lupton, M.A., F.C.S., F.I.C., formerly Assistant- 
Master at Harrow. Second Edition, Revised and Abridged. 
Fcap. 8vo. 6d, 

Muir.— practical chemistry FOR MEDICAL STU- 

DENTS. Specially arranged ftir the first M.B. Course. By 
M. M. Pattison Muir, F.R.S.E. Fcap. 8vo. 6d, 

Muir and Wilson.— <riiE elements of thermal 
chemistry. P.y M. M. Pattison Muir, M.A., F.R.S.l',., 
Fellow and Prgelector of Chemistry in Gonville and Gains College, 
Cambridge ; Assisted by David Muir Wilson. 8vo. 12 s, 6d. 
Retnsen. — Worths by JuA Remsen, Professor of Chemistry in the 
Johns Hopkins University. 

COMPOUNDS OF CARBON ; or, Organic Chemistry, an Intro- 
duction to the Study of. Crown Svo. 6s, 6d, 

AN INTRODUCTION TO THE STUDY OF CHEMISTRY 
(INORGANIC CHEMISTRY). Crown Svo. 6^. 6d, 

THE ELEMENTS OF CHEMISTRY. A Text Book for 
Beginners. By the same. Fcap. Svo. [In the press. 
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RoSCOe. — Works by Sir Henry E. Roscoe, F.R.S., formerly 
Professor of Chemistry in the Victoria University the Owens College, 
Manchester, 

PRIMER OF CHEMISTRY. With niiineroas Illustrations. New 
Edition. With Questions. l8mo. is. (Science Primers.) 
LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC 
AND O^RGANIC. With numerous Illustrations and Chromolitho 
(tf the Slplar Spectnim, and of the Alkalies and Alkaline Earths. 
New Edition. Fcap. 8vo. 6d. (See under Tiiovt.v^.) 

Roscoe aftd Schorlemmer. — inorganic and OR- 
GANIC CHEMISTRY. A Complete Treatise on Inorganic and 
Organic Chemistry. By .Sir Henry K. Roscoe, F.R.S., and Prof. 
C. Schorlemmer, F.R.S. With Illustrations. Medium Svo, 
Vols. I. and II.— INORGANIC CHEMISTRY. 

Yol. I. — The Non-Metallic Elements. 2ls. Vol. II. Part T.— 
Metals. iSj*. Vol. II. Part II. — Metals. i8j. 

Vol. III.— ORGANIC CHEMISTRY. 

THE CHEMISTRS’’ OF THE HYDROCARBONS and their 
Derivatives, or ORGANIC CHEMISTRY. With numerous 
Illustrations. Four Parts. Parts I. anc^II. 2i^. each. I 'art III. i8l 

* [Pijr^ IV. in the press. 
Thorpe.— A SERIES OF CHEMICAI- PROBLEMS, prepared 
with Special Reference to Sir H. E. Roscoc’s Lessons in Elemen- 
tary Chemistry, by T. E. Thorpe, Ph.l)., F. R. S., Professor of 
Chemistry in the Normal School of Science, South Kensington, 
adapted for the Preparation #1 Students for the Government, 
Science, and Society of Arts Examinations. With a Preface by Sir 
Henry E. Roscoe, F.R.S. New Edition, with Key. i8mo. 2s. 
Thorpe and Rucker. — a TREATISE ON CHEMICAL 
PHYSICS. By T. E. Thorpe, Ph.D,, F.R.S. Professor of 
Chemistry in the Normal School of Science, and Professor A. W. 
Rucker. Illustrated. Svo. \_In preparalion. 

Wright.— metals and ifHEIR chief industrial 
APPLICATIONS. By C. Alder Wright, D.Sc., &c., 
Lecturer on Chemistry in St. Mary^s Hospital Medical School. 
Extra fcap. Svo. 3 j. 6^/. ^ 

^ BIOLOGY. 

Allen.— ON THE colour of flower^ as Illustrated in 
the British Flora. By Grant Allen, ^ith Illustrations. 
Crown Svo. 3x, (Nature Series.) 

Balfour. — A treatise on comparative embry. 

OLOGY. By F. M. Balfour, M.A., F.R.S., Fellow and 
Lecturer of Trinity College, Cambridge. With Illustrations. 
Second Edition, reprinted withoijt alteration from the Firit 
Edition. In 2 vols. Svo. Vol. I. iSl VoL II. '>ls. 
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Balfour and Ward.— a general text book of 

BOTANY. By Isaac Bayley Balfour, F.R.S., Professor of 
in the University of Oxford, and IT. Marshall Ward, 

J’ t How of Christ’s College, Cambridge, and Professor of Botany 
in the Royal Indian Rngiueering College, Cooper’s TIill. 8 vo. 

[/« preparation, 

Bettany,— FIRST LESSONS IN PR ACTIC AT/ BOTANY. 
By G. T. Bettany, M.A., F.L.S., formerly Lecturer in Botany 
at Guy’s Hospital Medical School. iSino. !.<•. 

Bower— Vines.— A COURSE OF PRACTICAL INSTRUC- 
TION IN BOTANY. By F. 0. Bower, M.A., F.L.S., 
Profe.ssor of Botany in the University of Glasgow, and Sydney 
II. ViNE.s, M.A., D.Sc., F.R. 8 ., Fellow and Lecturer, Chrj[st’s 
College, Cambridge. With a Preface by W. T. Thiselton 
Dyer, M.A., C.M.G., F.K.S., F.L.S., Director of the Royi#> 
Gardens, Kcw. Crown 8 vo. 

Part I.—PIIANEROGAM/F.—PTERTDOPHYTA. Pari 
II.—BRYOPHYTA—THALLGPHYTA. 4 .^. (>iL 

Darwin (Charleg).— memorial NOTICES OF CHARLES 
DARWIN, F.R.S., &c. By Thomas Henry Huxley, F.R.S., 
G. J. Romanes, F.R.S., Archibald Geikie, F.R.S., and 
W. T. Thisei.ton Dyer, F.R.S. Reprinted from Nature. 
With a Portrait, engraved by C. H. Jeens. Crown 8 vo. 
2s. 6(1, {Nature Series.) 

FearnleJ^.— A MANUAL OF elementary practical 

PIISTOLOGY. By William Fearnley. With Illustrations. 
Crown 8 vo. p. 6d. 

Flower and Gadow. — AN introduction to the 

■ OSTEOI.OGY OF THE MAMMALIA. By William Hexky 
Flower, LL.D., F.R.S. , Director of the Natural History De- 
partments of the British Miifceum, late Hunterian Professor of 
Comparative Anatomy and Physiology in the Royal College of 
Surgeons of %gland. With numerous Illustrations. Third 
Edition. Revised witfi the assistance of Hans Gadow, Ph.D., 
M. A., Lecturer on the Advanced Morphology of Vertebrates and 
Strickland Curator in the University of Cambridge. Cro^n 8 vo. 
lar. 6 ^. 

Foster. — Worlds by Michael Foster, M.D., Sec. R.S., Professor 
of Physiology in the University of Cambridge. 

PRIMER OF PHYSIOLOGY. With numerous IllustrationsA 
New Edition. iSino. is, 

A TEXT-BOOK OF PHYSIOLOGY. With Illustrations. Foui^th 
Edition, revised. 8 vo. ^2is, 
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Foster and Balfour.— the elements of embrv 

OLOGY. iJy Mtchaei. Foster, M.A., M.D., LL.D., Sec. R.S., 
Professor of Pliysiology in the Univer'-ity of Cainml^e, Fellow 
of Trinity Colleiro, Cambridge, and the late Francis M. Balfour, 
M.A., LL.D., F.K.S., Fellow of Trinity College, Cambridge, 
and Professor of Animal Morj^hology in the University. Second 
Edition, revised. Edited by Adam Skdgwick, M.A., Fellow 
and Apjstant Lecturer of Trinity College, Cambridge, and WALTER. 
IIeape, Demonstrator in the Morphological Laboratory of the 
University of Cambridge. With Illustration^i. Crown 8vo. lOJ. (vL 

Foster and Langley. — a COUKSE of ELEMENTARY 
I’RACTICAL PHYSIOLOGY. By Prof. Michael Foster, 
M.D., Sec. R.S., &c., and J. N. Langley, M.A., F.R.S., Fellow 
of Trinity College, Cambridge. Fifth Fdil ion. Crown 8 vo. 'Js. 6d. 

Gamgee. — a text-book of 'J'HK physiological 

CIIEMlSd'RY OF THE ANIMAL BODY. Including an 
Account of the C’ji' mical Change^ occurniig in Disease. By A, 
Gamgke, M.D., F.R.S.,d’ormerly Profevsor of Phyf-iology in the 
Victoria Univerdty the Owens College, Manchc -ter. 2 Vols, 8vo. 
With Jllmtratioiis., Vol. I. iSs. ^ [VoL IL in the pms. 

Gray.— STRUCTURAi. botany, or organography 

ON THE BASIS OF MORPHOLOGY. To which are added 
the principles of Taxonomy and Phytography, and a Glossary of 
Botanical Terms. By Professor Asa Gray, LL.D. 8vo, iol 6f/, 

Hamilton, — a practical tEXT-BOOK OF PATHO- 
LOGY. By D. J. Hamilton, Professor of Pathological Anatomy 
(Sir Erasmus Wilson Chair), University of Aberdeen. 8vo. 

\In the press. 


Hooker. — Worbs by Sir J. D. Hooker, K.C.S.L, C.B., MiD., 
F.R.S., D.C.L. 

PRIMER OF BOTANY. ^Yitli numerous Illustrations. New 
Edition. l8mo. is. [Science Primers.) 

THE STUDENT’S FLORA OF THE BRIITSH ISLANDS. 
Third Edition, rcvi' cd. Globe 8vo. ^ lo.f. 6(/. 


Howes.— AN ATLAS OF PRACTICAL ELEMENTARY 
PTOLOGY. By G. B. Howes, Assistant Professor of Zoology, 
Normal School of Science and Royal School of Mines. With a 
Preface by Thomas Henry Huxley, F.R.&. Royal ^to. 14^. 

Huxley. — Works by Thomas Henry Huxley, F.R.S. 
INTRODUCTORY PRIMER OF SCIENCE. i8mo. is. 

[Science Primers.) i 

LESSONS IN EI.EMENTARY PHYSIOLOGY. With numerous 
^ Illustrations. New Edition ReviseA Fcap. 8vo. 4*. 6<i. 
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Huxley.— questions on HUXLEY’S physiology for 

SCHOOLS. By T. Alcock, M.D. New Edition. i8ino. is. 6d, 

Huxley and Martin.— a COURSE OF practical in- 
struction IN ELEMENTARY BIOLOGY. By Thomas 
Henry Huxley, F.R.S., assisted by H. N. Martin, M.B., 
D.Sc. New Edition, revised. Crown 8vo. 6s. 

Kane.— EUROPEAN BUTTERF'LIK.S, a HAND^<Oi‘)K- of. 
By W. F. De VisMEs Kank, M.A., M.R.I.A., Member of the 
Entomological Society of London, &c. With Coppei Plate Illustra- 
tions. Crown 8vo. lox. 6d. 

A LIST OF EUROPEAN RHOPALOCERA WITH THEIR 
VARIETIES AND PRINCIPAL SYNONYMS. Reprinted 
from the Ifandbook of European ButtcrJliiS. Crown 8vo. is. 

Klein.— micro-organisms and disease. An InYo- 

duction into the .Study of Specific Micro-Or^nnisms. By EN 
Klein, M.D., F.R..S,, I.ectnrer on General Analomy and Physio- 
logy in the Medical School of St. Bartholortew’s Hospital, London. 
\Vith I2I Illu.strations. Tliird Edition, Revised. Crown 8vo. 6s. 
THE BACTERIA ^IN .ASIATIC CHOLERA. By the Same. 
Crown 8vo. , f/« preparation. 

Lankester. — Works hy Pr ifcssor E. Ray Lankf.ster, F.R.S. 

A TEXT BOOK OF ZOOLOGY. 8vo. \In preparation.' 

DEGENERATION : A CHAPTER IN DARWINISM. Illus- 
trated. Crown 8vo. is. 6d. (Nature Series.) 

Lubbock. — Works by SiE^IoHN I.UBiiocK, M.P., F.R.S., D.C.L. 
THE ORIGIN AND METAMORPHOSES OF INSliCTS. 
With numerous Illustrations. New Edition. Crown 8vo. 3^. 6d, 
(Nature Series^ 

ON BRITISH WII.D FLOWERS CONSIDERED IN RE- 
c LATION TO INSECTS. With numerous Illustrations. New 
Edition. Crown 8vo. 4^ 6d. (Nature Series). 

FLOWERS, FRUITS, AND e. LEAVES. With Illustrations. 
Crown 8 VO. 4^.6^/. (Nature Series.) 

M‘Kendrick. — OUTLINES OF PHYSIOLOGY IN ITS RE- 
LATIONS TO MAN. 'By J. G. M’Kendrick, M.D., E.R.S.E. 
With Illustrations. Crown Svo. 12 s, 6d, 

Martin and Moale.— on the dissection of vfrte- 

BRATE ANIMALS. By Professor PI. N. Martin and W. A. 
Mo ADS. Cro^n Svo. [/// preparation. 

Mivart. — Works by St. George Mivart, F.R.S., Lecturer on 
Comparative Anatomy at St. Mary^s Hospital. 

LESSONS IN ELEMENTARY ANATOMY. With upwards of 
400 Illustrations. Fcap, Svo. 6s, 6d, 

THE COMMON FROC^ With numerous Illustrations, Cro^p 
Svo. y,6d. (Nature lories.) 
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Muller.— Tin: FERTTLTSATTON Ol* flowers. V>y Pro- 
fessor Hermann Mult.er. Translated and Edited by D’Arcy 
W. Thompson, B.A., Professor of Biolocfy in University College, 
Dundee. With a Preface by Charles Darwin, F.R.S. With 
numerous Illustrations. Medium Svo. 2is. 

Oliver. — Works by Daniel Oliver, F.R.S., &c., Professor of 
Jh)t«n^in University College, London, &c. 

FIRST ifOOK OF INDIAN BOTANY. With numerous Illus- 
trations. Extra ferp. Svo. 6 l 6Y 
LESSONS IN ELEMI-NTARY BOTANY. With nearly 200 
Jlluslrations. New Edition. Fcap. Svo. 4s. 6d. 

Parker.— A COURSE OF INSTRUCTION IN ZOOTOMY 
(VERTEBRATA). By T. Jeffrey 1'arker, B.Sc. London, 
Profe.ssor of Biology in the Univeisity of Otago, New Zealand. 
With Illustration-'. Crown Svo. Sj. 61/. 

LESSONS IN ELEMENTARY BIOLOGY. By the same Author. 
With Illustrations ^ Svo. \Jnthe press, 

Parker and Bettany.— the MORrucLOGY OF THE 
SKULL. By Professor W. K. PiiRKSR, F.R.S., and G. T. 
Beti'ANY. llliistmted. Crown Svo. 10s, 6(/, 

Smith (W. G.)— DISEASES OF FIELD AND GARDEN 
CROPS, CHIEFLY SUCH AS ARE CAUSED BY FUNGI. 
By Worthington G. Smith, F.L.S., M.A.L, Member oi the 
Scientific Committee R.Il.S. With 143 New Illustrations drawn 
and engraved from Nature by the ifhthor. Fcap. Svo. 4^. 6(jI. 

Wiedersheim (Prof.). — elf.ment.s of the com- 
parative ANATOMY OF VERTF.P, RATES. Adapted 
from the German of Robert Wiedersiteim, Professor of Ana- 
tomy, and Director of the Institute of Human and Comparative 
Anatomy in the University of Frcibnrgdn-Baden, by W. 
Newton Parker, rrofc.ssor of Biology in the University College 
of South Wales and MonmJiithshire. Witli Additions by the 
Author and Translator. With Two Hundred and Seventy Wood- 
cuts. Medium Svo. t2s, (id. 


MEDICINE. 

Brunton. — Works by T. Lauder Brunton, M.D., D.Sc., 
I‘\R.C.P., F.R.S., Assistant Physician and Lecturer on Materia 
Medica at St. Bartholomew’s Hospital ; Examiner in Materia 
Medica in the University of London, in the Victoria Univei*sity, 
and in the Royal College of Physigians, London ; late Examiner 
in the University of Edinburgh. 
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Brunton.— A TEXT-BOOK OF PHARMACOI.OGY, THERA- 
PEUTICS, AND MATERIA MEDIC A. Adapted to the 
United States Pharmacopfria, by Fkancls H. Williams, M.l),, 
V»ostou, Ma^s. Third Edition. Adajjtcd to tlie New British Phar- 
inacopceia, 1^85. Medium 8vo. 21 y 
TABU'S OE MATERIA MEDICA : A Companion to the Materia 
INTedica Museum. With lllustratiuiis. New Editio»/ Enlarged. 

8 VO. loy. ( 3 i/. 

Hamilton. — a text-book oe I’Atiiology. r.y i). j. 

Hamilton, Professor of Pathological Anatomy University of 
Aberdeen. With Illustrations. 8vo. \In the press, 

Klein.— micro-organisms and disease. An Intro- 
duction into the Study of Specific Micro-Organisnvs. By E. 
Klkin, M.l )., F.R.S., Lecturer 011 General Anatomy and Physio- 
logy in the Medical School of St. Bartholomew’s Hospital, I.ondcr.i^ 
With 121 Illustrations. Third Edition, Revised, Crown 8vo 6y. 
THE BACTERIA IN ASIATIC CHOLERA. By the Same 
Author. Crown 8vo. ‘ \In preparation. 

Ziegler-Macalister.— text-book OF pathological 

ANATOMY ANF PATIIOGENE-SIS. By Professor Eunst 
Ziegler of Tiiningcn. Translated and Edited for English 
Students hy Donald Macalister, M.A.,M.D., 13 .Sc.,F.R.C.r., 
Fellow and Medical Lecturer of St. John\s College, Cambridge, 
Physician to Addenbrooke’s Hospital, and Teacher of Medicine in 
the University. With numerous llliistr.itions. Medium 8vo. 

Part I.—GENFRAL PATdIOLOGICAL ANATOMY. Second 
Edition. I2y. 6r/. 

Part II— SPECIAL PATHOLOGICAL ANATOMY. Sections 
I, — VIII. Second PMition. I2y. 6r/. Sections IX. — Xll. I2y. 6f/. 

ANTHROPOLOGY. 

Flower.— FASHION in deformity, as Illustrated in the 
Customs of Barbarous and Civilised Races. By Professor 
Fi.ower, F.R.S., F.R.C.S. With Illustrations. Crown 8vo. 
2s. 6(i. (Nafnj e Series,)' 

Tylor.— anthropology. An Introduction to the .Study ot 
Man and Civilisation. ByF. B. Tylor, D.C.L., F.K.S." With 
riimerous Illu|^rations. Crown 8vo. ^s, 6ei. 

PHYSICAL GEOGRAPHY & GEOLOGY. 

Bianford.— the rudiments of physical geogra- 
r HY for the USE OF INDIAN SCHOOLS ; with a 
Glossary of Technical T(*rms employed. By H. F. Blanford, 
F.R.S. New Edition, with Illustrations. Globe 8vo. Set, 
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Geikie. — Works by Archihald Gkikik, LL.D., F.R.S., Director 
General of the Geological Survey of Great Britain and Ireland, and 
Director of the Museum of Practical Geolo«:y, London, formerly 
Murchison Professor of Geology and Mineralogy in the University 
of Edinburgh, &c. 

J>RTMER OF PITVSTCAL GEOGRAPIIV. With numerous 
illu^rjfbons. New Edition. With Questions. i8mo. is. 

Primers . ) 

*ELEMEN; 5 ARY lessons in PHYSICAL GEOGRAPHY. 
With numerous Illustrations. New Edition. Fcap. 8vo. 4s. 6f/. 
QUESTIONS ON THE SAME. is. 6d. 

PRIMER OF GEOLOGY. With numerous Illustrations. New 
Edition. i8mo. is. {Science Primers.) 

^LASS BOOK OF GEOLOGY. With upwards of 200 New 
Illustrations. Crown 8vo. lOf. Gd. 

TEXT-BOOK OF GEOLOGY. With numerous Illudrations. 
Second Edition, Si^th Thousand, Revised and Enlarged. 8vo. 28^. 

OUTLINES OF FIELD GEOLOGY. With Illustiations. New 
Edition. Extra fcmi. 8vo. 3^. Gd. * • 

THE SCENERY’^ AND GEOLOGY OF SCOTLAND, 
VIEWED IN CONNEXION WITH ITS PHYSICAL 
GEOLOGY. With nuraerou-. Illustrations. Crown 8vo. 12s. 6d. 

(See also under History and Geogfaphy.) 

Huxley.— PHYSIOGRAPHY. ’ An Introduction to the SUuly 
of Nature. By Thomas IIknry Huxley, F.R.S. With 
numerous Illustrations, and Coloured Plates. New and Cheaper 
Edition. Crown 8vo. Gs. 

Lockyer.— OUTLINES OF PHYSIOGRAPHY— the MOVE- 
MENTS OF THE EARTH. Ry J. Norman Lockyer, F.K.S., 
Correspondent of the InstiWte of France, Foreign Member of 
the Academy of the Lyncei of Rome, &x., &c. ; Professor of 
Astronomical Physics in the Norn^l School of Science, and 
Examiner in Physiography for the Science and Art Department. 
With Illustrations. Crown 8vo. Sewed, is. Gd, 

PhilflpS-— A TREATISE ON ORE DEPOSITS. By J. Aktuur 
Phillips, F.R.S., V.P.G.S., F.C.S., M.Inst.^.E., Ancien lileve 
de rficole des Mines, Paris ; Author of A Manual of Metallurgy,"' 
“The Mining and Metallurgy of Gold and Silver,'" &c. With 
numerous Illustrations. 8vo. 2$s. 
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AGRICULTURE. 

Frankland.— AGRICULTURAL chemical analysis, 

A Handbook of. By Percy Faraday Frankland, Ph.D., 
B.Sc., F.C.S., Associate of the Royal School of Mines, and 
Demonstrator of Practical and Agricultural Chemistry in the 
Normal School of Science and Royal School of Mines, South 
Kensington Museum. Founded upon Leitfadm fiir die Ag^iciiiture 
Chemiche Analyse^ von Dr. F. Krocker. Crown 8vb. yj. 6^/. 

SiTiith (Worthington G.). — diseases OF field and 
GARDEN CROPS, CHIEFLY SUCH AS ARE CAUSED BY 
FUNGI. By Worthington G. Smith, F.L.S., M.A.I., 
Member of the Scientific Committee of the R.H.S. With 143 
Illustrations, drawn and engraved from Nature by the Author. 
Fcap. 8vo. 4^. (id, c 

Tanner. — Works by Henry Tanner, F.C.S., M.R.A.O.)^ 
Examiner in the Principles of Agriculture under the Government 
Department of Science ; Director of Education in the Institute of 
Agriculture, South Kensington, London ; sometime Professor of 
Agricultural Science, University College, Aberystwith. 
ELEMENTARY LESSONS IN THE SCIENCE OF AGRI- 
CULTURAL PRACTICE. Fcap. 8vo. * 3^. (id, 

FIRST PRINCIPLES OF AGRICULTURE. i8mo. is, 

THE PRINCIPLES OF AGRICULTURE. A Series of Reading 
Books for use in Elementary Schools. Prepared by Henry 
Tanner, F.C.S., M.R.A.C. Extra fcap. 8vo. 

I. The Alphabet of the ‘Principles of Agricultm*e. (id. 

II. Further Steps in the Principles of Agriculture, is, 

HI. Elementary School Readings on the Principles of Agriculture 
for the third stage, is, 

POLITICAL ECONOMY. 

Cossa.— GUIDE TO THE STUDY OF POLITICAL 
ECONOMY. By Dr. I.uiGi CossA, Professor in the University 
of Pavia. Translated from the Second Italian Edition, With a 
Preface by W. Stanlev." Jevons, F.R.S. Crown 8vo. 4^. 6d. 
Fawcett (Mrs.).— Works by Milucent Garrett Fawcett:— 
POITTICAL ECONOMY FOR BEGINNERS, WITH QUES- 
TIONS. Fourth Edition. i8mo. 2s, 6d, 

TALES IN POLITICAL ECONOMY. Crown 8vo. 3/. 

Fawcett.— A manual of political economy. By 

Right Hon. Henry Fawcett, F.R.S. Sixth Edition, revised, 
with a chapter on “State Socialism and the Nationalisation 
of the Land,*' and an Index. Crown 8vo, 12s, 

AN EXPLANATORY DIGEST of the above. By Cyril A. 
Waters. Crown 8vo. ** [In the press. 
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Jevons.— PRIMER OF POLITICAL ECONOMY. By W. 
Stanley Jevons, LL.D., M.A., F.R.S. New Edition. iSiuo. 

1 ience Primers , ) 

Marshall. — the economics of industry. By a. 

Marshall, M.A., Professor of Political Economy in the Uni- 
versity of Cambridge, and Mary P. Marshall, late Lecturer at 
♦NetirnTinm Hall, (/ambridge. Extra feap. 8vo. 2j. 6 d. 
Marshal'.— ECONOMICS. By Alfhf.1) Marshall, M.A., 

Professo* of Political Economy in the University of Cambridge. 

2 vols 8vo. [In the press, 

Sidgwick.— the principles of political economy. 

Hy Pro^e.^sor Henry Sidgwick, M.A., LL.D., Knightbridgc 
Professor of Moral Philoso])hy in the University of Cambridge. 
&c.. Author of “The Methods of Ethics.” Second Edition, 
revi.sccl. 8vo. i6r. 

Walker. — Works 1)7 P’rancls A. Walker, M.A., Ph.l)., Anthoi 
of “Money,” “M.mcv in its ktlalion lo Trade,” &c. 
POLITICAL ECONOMY.* 8vo. lOf. U. 

A BRIEF TFCXr-P.OOK OF POLITICAL ECONOMY. 

Crown 8vo. 6 l (%!. • 

THE WAGES QUESTION. 8vo, 14^. 


MENTAL & MORAL. PHILOSOPHY. 

Boole.— THE MATHEMATICAL ANALYSIS OF LOGIC. 
Being an lissay towards a Calciilu.s of Deductive Reasoning. By 
George Boole. 8vo. Sewed. $s, 

Calderwood.— handbook of moral philosophy. 

By the Rev. Henry Calderwood, LT..D., Professor of Moral 
Philosophy, University of Edinburgh. New Edition. Crown 8vo. 6 s, 
Clifford. — SEEING and thinking. By the late Professor 
W. K. Clifford, F.R.S. With Diagrams. Crown 8vo. 3^. 6 d, 
{Nature Series,) ^ 

Jardine.— -THE elements of the psychology of 

GK)GNITION. By the Rev. Robert Jardine, B.D., D.Sc. 
(Edin.), Ex- Principal of the General Assembly's College, Calcutta, 
Third Edition, revised and improved. CrowiWvo. 6 s, 6 d, 
Jevons. — Works by the late W. Stanley Jevons, LL.D., M.A., 
F.R.S, 

PRIMER OF LOGIC. New Edition. i8mo. is, {Science Primers,) . 
ELEMENTARY LESSONS IN LOGIC ; Deductive and Indue 
tive, with copious Questions and Examples, and a Vocabulary of 
Lofpeal Terms. New Edition, r cap. 8vo. 3^. 6 d, 
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Jevons. — Works by Stanley W. Jevons, continued — 

THE PRINCIPLES OF SCIENCE. A Treatise on Logic and 
Scientific Method. New and Revised Edition. Crown 8vo. 12s , 6J . 
STUDIES IN DEDUCTIVE LOGIC. Second Edition. Cr. 8vo. 6 j. 
Keynes. — FORMAL LOGIC, Studies and Exercises in. Including 
a Generalisation of Logical Processes in their application to 
Complex Inferences. By John Neviu.e Keynes, lale 

P'ellow of Pembroke College, Cambridge. Seccwid Edition, 
Revised and Enlarged. Crown 8vo. loj. 6d. 

Kant— Max Muller.— CRITIQUE OF PUR^: reason. 

By Immanuel Kant. In commemoration of the Centenfiry of 
its first Publication. Translated into English by F. Max Muller. 
With an Historical Introduction by Ludwig Noire. 2 vols. 
Demy 8vo, i6^. each. v 

Volume I. HISTORICAL INTRODUCTION, by Ludwv:: 
Noire ; &c., &c. 

Volume II. CRITIQUE OF PURE REASON, translated by 
F. Max Muller. ^ ' 

For the convenience of students these volumes are now sold separately. 
McCosh.— PSYCHOLOGY, liy James McCosii, D.D., LL.D., 
Litt.D., President of Princeton College, A’uthor of ‘‘Intuitions of 
the Mind,*^ “ Laws of Discursive Thought,’^ &c. Crown 8vo, 

I . THE COGNITIVE POWERS. 6s. 6d. 

II. THE MOTIVE POWERS. Crown 8vo. 6 $. 6d . 

Ray.— A TEXT-BOOK OF DEDUCTIVE LOGIC FOR THE 

USE OF STUDENTS, By P. K. Ray, D.Sc. (Lon. andEdin.), 
Professor of Logic and Philosophy, Presidency College Calcutta. 
Third Edition. Globe 8vo. 4s . 6d . 

The Schoolmaster says “ This work . . . is deservedly taking a place among 
the recognised text-books on Logic." 

Sidgwick. — Works by Henry Sidgwick, M.A., LL.D., Knight- 
' bridge Professor of Moral Philosophy in the University of 
Cambridge. . 

TPIE METHODS OF ETHICS. Third Edition. 8vo. 14s. A 
Supplement to the Second Edition, containing all the important 
Additions and Alterations in the Third Edition. Demy 8vo. 6s, 
OUTLINES OF THE HISTORY OF ETHICS, for English 
Readers. Crown 8vo. 3^. 6d . 

Venn. — the LOGIC OF chance. An Essay on the Founda- 

tions and Province of the Theory of Probability, with special 
Reference to its Logical Bearings and its Application to Moral and 
Social Science. By John Venn, M.A., Fellow and Lecturer in 
Moral Sciences in Gonville and Cauis College, Cambridge, Ex- 
aminer in Moral Philosophy in the University of London. Second 
Edition, rewritten and greatly enlarged. Crown 8vo. los 6d. 
SYMBOLIC LOGIC. By the same Author. Crown 8vo. los. 6d, 
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Arnold (T.).~THK second punk: war. Pdng Chanters 

from THE HISTORY OE ROME. By Thomas iVuNour, 
IX D. Edited, with Notes, ]jy V/. T. Arnold, M.A. With S 
Maos.^ Crown 8 VO. Ss, 6/, 

ArfloId<W. T.). — THE ROMAN SYSTEM of PROVINCIAL 
• ADMINISTRATION TO THE ACCESSION of CO.\’ STAN- 
^ TINE TrtlE GREAT. By W.T. Arn’OI.o, M.A. Crown 8vo. fw. 

“Ought to prove a valuable handbook to the student of Koniau history.”— 
Guardian. 

Beesly.— STORIES from the history of Rome. 

By Mrs. Beesly. Fcap. 8vo. 2s. (id. 

Sryce.— THE IIOTA" roman empire. By James Bryce, 
^ D. C. L, , Fellow of Oriel College, and Ke^t^dus Professor of Civil Law 
in the University Oxford. Eighth I'.dilion. Crown 8vo. ys. 6d. 
Buckland.— OUR'NATipNAI, INSTITUTIONS. A Short 
wSketch for Schools. By Anna Buckiand. With (Bossary. 
i8mo. IS. V ^ 

Buckley.— A HISTORY of ENGLAND FOR BEGINNERS. 
By Arahet.la H. Buckley. Author of “A Slunt History of 
Natural Science,” See. With Coloaicd Maps, Chronological and 
Genealogical Tables, Globe 8vo. 3.''. 

Clarke.— CLASS-BOOK of geography. By C. B. Clarke, 
M.A., F.L.S., F.G.S., E.R*S. ♦ New Edition, with Eighteen 
Coloured Maps. Fcap. 8vo. 3^. 

Dicey.— LECTURES INTRODUCTORY TO THE STUDY 
OF THE LAW OF THE CONSTITUTION. By A. V. Dicey, 
B.C.L., of the Inner Temple, Barrister-at-Law ; Vinerian Professor 
of English Law ; Fellow of All Souls College, ( )xford ; Hon. LL.D. 
Glasgow. Second Etlition. Demy Svo. I2s. 6d. 

Dickens’s DICTIONARY* OF THE UNIVERSITY OF 
OXFORD, 18867. iSmo, sewed, is. 

DICTIONARY OF THE UNIVI^ISITY OF CAMBRIDGi:, 
1886-7. i8mo, sewed, is. 

Both book.s (Oxford and Cambridge) bound together in one volume. 
Cloth. 2s. 6d. 

Freeman. — Work* by Edward a. Freeman, D.C.L., LL.D., 
Regius Professor of Modern History in the University of Oxford, 
OLD ENGLISH HISTORY. With Five Coloured Maps. New 
Edition. Extra fcap. Svo. 6s. 

A SCHOOL HISTORY OF ROME. Crown Svo. lln preparation. 
METHODS OF HISTORICAL STUDY. A Course of Lectures, 
Svo. los. 6(i. 
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Freeman. — Works by Edward A. Freeman, D.C.L., LL.D., 
&c. , Kontinued — 

THE CHIEF PERIODS OF EUROPEAN HISTORY. Six 
Lectures read in the University of Oxford in Trinity Term, 1885. 
With an Essay on (ircek Cities under Roman Rule. 8vo. lo^. 65 . 

HISTORICAL ESSAYS. First Series. I'oirrth Edition. Svo. 

io.f. 6^/. o ^ 

Coin<‘nt^ Tne Mythical and Roinantic in Karly Enc^^ith HFtory— 

'I'hi; ContinViify of English Hi Uny -The ReHlii-ns 1)ct\veen the tYjwn (^f 
h’luland and ScolLind — St 'Thomas of Canlcrbmy and lu> Bi.^^jraplierjs, 

HISTORICAL ESSAYS. Second Series. Second Edition, with 
additional i'lssays. 8vo. loj. 6f/. 

Contents Ancient Greece and Mcdi.'cval Italy — Mr. Gladstone^ Homer and 
the Homeric Ages — The Historians of Athens — 'Tiie Athen.an Democracy — 
Ak.vamler the Great— Greece during the Maced<;nian J^criod — Mommsen's 
Hiaory of Rome — Lucius Coinehns Siilla — 'Lite Elavian Cajsars, &c. * 

HISTORICAL ESSAYS. Third Series. Svo. \ 2 s. 

Contents: — First Impre.ssions of Rome — 'The Illyrian ICmperors and their Land 
— Augusta Treverorum —The Goths at Ravenna — Race and Language — 'The 
Hvzantinc Empire —First Impres-ii iis of Allien-^— Media: val and Modern 
Greece— 'The S uthern Slaves -'>ieilian t^'clcs -'Tlie Normans at Palermo. 

THE GROWTH OK THE ENGLISHCONSTITUTION FROM 
TTIF EARLIKST TLMf':S. Fourth Edition. Ch-own Svo. 5s'. 

GJ^NFRAL SKICTCIl OF EUROPEAN HlSd'ORY. New 
Ivlitiuii. F.nlarged, with Maps, See. i8mo. 3^. 6 d. (Vol. I. of 
1 listorical Course lor Schools.) 

EUROPE. i8mo. is. {History rrimers,) 

Fyffe.— A SCHOOL IIISTQKY OF GREECE. By C. A. Fyffk, 
M.A. Crown Svo. \In preparation. 

Geikie. — the TF.ACHING of geography, a Practical 
Handbook for the use of Teachers. By Akchibai.d Geikie, 
P'.K. S., Director-CJeneral of the Geological Survey of the United 
^Kingdom, and Director of the Museum of Practical Geology, 
Jermyn Street, London ; formerly Murchison Professor of Geology 
and Mineralogy in the Universky of Edinburgh. Crown Svo, 
2^* Being Volume I. of a New Geographical Series Edited by 
Archibald Geikie, F.R.S. 

* ^ The aim of this volume is to advocate the claims of geography as 
an educational discipline of a high order, and to show how these 
claims may be practically recognised by teachers. This inti\'dnc- 
tory volume is intended to be followed by a short Geography of the 
British Islands, a^id then by other volumes as announced on p. 79. 

Green. — Works by John Richard Green, M.A., LL.D., 
late Honorary Fellow of Jesus College, Oxford. 

A SHORT HISTORY OF THE ENGLISH PEOPLE. With 
Coloured Maps, Genealogical Tables, and Chronological Annals. 
Crown 8yo, Ss. 6 d. I26tl'i Thousand. 
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Green. — Works by JOHN Richard Green, M.A., LL.D., 
&c. {continued ) — 

ANALYSIS OF ENGLISH HISTORY, based on Greenes “Short 
HLtory of the Ensflish Peo])le.” By C. W. A. Tait, M.A., 
Assistant-Master, Clifton Collo‘(e. Crown 8vo. 3^“. 6^/. 
READINGS FROM ENGITSII HISTORY. Selected and 
Edited by John Richard Green, d'hree Parts. Globe 8vo. 

eacli. 1 . Ilengist to Cressy. II. Creasy to Cromwell. 

III. Cromwell to Balaklava, 

Green. — a short gkograj’iiv of the British 

ISLANDS. By John Richard Green and Alice Stupeord 
Green. With Maps. Leap. 8vo. y. 6d, 

Qrove.— A PRIMER OF GEOGRAPHY. By Sir Gitokoe 
Grove, D.C.L. With IBustrations. iSmo. is, {Science 
Primers , ) 

Guest. — r.i'.cTURi s on the history of England 

By M. J. Guest. WithMap'i. CrownSvo. 6s, 

Historical Course for Schodls-irEditcd by Edward A. 
Freeman, D.C.Lt, LL.D., late FellowonVinity College, Oxf(>id, 
Regius Professor of Modern Hi.story in tlic University of Oxford. 

I. --GENERA 1 . SKETCH OF EUROPEAN HISTORY. By 
l^DWARD A. PuKEMAN, D.C.L. New PMition, revised and 
enlarged, with Chronological Table, Maps, and Index. 181110. 31.61/. 

II. — HISTORY OF ENGLAN*!).* By Edith Thompson. New 
Ed., revi-cd and enlarged, with Coloured Map.s. i8mo. 25, 6 d, 

III. — HISTORY OK SCOTLAND. By Margaret Macarthur. 
New Tuiition, iSmo. 2s. 

IV. -HISTORY OF ITAT.Y. By the Rev. W. Hunt, M.A. 

New liditinn, wdth Coloured Maps. iSmo. 3 '^* • 

V. — HISTORY OF GERMANY. By J. Sime, M.A. New 
Edition Kevi'-cd. 181110. ts, 

VT.— HISTORY OF AMEIHCA. By John A. Doyle. With 
Maps. 1 8 mo. 41'. 6d. 

VIL— EUROPEAN COLONIES. »y E. J. Payne, M.A. With 
Maps. iSiiio. 4.?. 6d, 

VIIL— FRANCE. By Charlotte M. Yonge. With Maps. 
#6mo, 3.f. 6d, 

GREECE. By Edward A. Freeman, D.C.^. \In preparation, 
ROME. By Edward A. Freeman, D.C.L. \In preparation^ 

History Primers — Edited by John Richard Green, M.A., 
LL.D., Author of “A Short History of the English People.’’ 
ROME. By the Rev. M. Creighton, M.A,, Dixie Professor of 
Ecclesiastical History in the University of Cambridge. With 
EJgyen Maps. i8mo. is. 
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History Primers. — Edited by John Richard Green, M. A., 
LL.I). (continued) — 

GkKl^'CK. By C. A. Fyffe, M.A., Fellow and late Tutor of 
UniverTty College, Oxford. With Five Map**;. i8mo. is, 
FUROriCAN HISTORY. By \L A. Freeman, D.C.L., LL.H. 
With Maps. iSiiio. IS. 

GKKIHv ANTK^UITIFS. By the Rev. J. P. Maiiai^fy, M.A. 

Illustrated. i8mo. I,r. ' 

Cr.ASSTCAT. GEOGRAPHY. By H. F. Tozer, M.A. iSmo. I.f. 
CiKOGRAPHY. JW Sir G. Grove, D.C.L. Maps.o i8mo. is, 
ROMAN ANTIQUITIES. By IVofeKsur Wilkins. Ulus- 
trated. i8mo. is. 

FRANCE. By Charlotte M. Yonge. 181110. is. 

Ho'.e.— A GENF.AI.OCICAT. STEMMA OF THE KINGS OF 
liNGI.AND AND FRANCE. By the Rev. C. Hole. Ol.,., 
Sbeet. IX. 

Jennings -CHRONOLOGICAL JABLE^L Compiled by Rev. 

A. C. Jennings. [/;/. t/io press. 

Kiepert. — a MANU’AL ‘of ANCIENT GF.OGRArilY. From 
the German of Dr. H. Kiktert. Crown 8vo. 5x. 

Labberton.— NEW iiisi oricai. atlas and general 

HISTORY. By R. H. Larberton, LittITum.D. 410. New 
Edition Revised and Enlarged. 15X. 

Lethbridge. — a SHORT WnuAL OF the HISTORY OF 
INDIA. With an Account of India as it is. The Soil, 
Climate, and Productions; the People, tlieir Racc.s, Peligioiv^, 
Public Works, and Indii.stries ; the Civil Services, and System ol 
^Administration. By Sir Roper Lethbridge, M.A.. tM.E.,latc 
scholar of Exeter College, Oxford, formerly Princijial of Kish iagl .iu 
College, Bengal, Fellow and sometime Examiner of the Calcut'.i 
University. With Maps. CrowSi 8vo. 5x. 

Michelet.— A summary of MODI'RN history. Trans- 
lated from the French <h‘ M. Michelet, and cohliiiaod to the 
Present Time, by M. C. M. Simpson. Globe 8vo. 4X. (id. 

Norgate.- engi.and under the angevin kiwgs. 

By Kate Norc^atf. With hlaps and Plans. 2 vols. 8vo. 321. 

Ott^.— SCANDINAVIAN history. By E. C. Ovrt. With 
Maps. Globe 8vo. 6 s, 

Ramsay.— A SCHOOL history of ROME. By G. G. 
Ramsay, M.A., Professor of Humanity in the University of 
Glasgow. With Maps. Grown 8vo. [In preparation. 
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Seeley — Works by J. R. Seeley, M.A., Regius Professor of 
Modern History in the Univenity of Cambridge. 

THE EXPANSION OF ENCJLAND. Crown 8vo. ^s. 

OUR COLONIAL EXPANSION. Extracts from the above. 
Crown 8vo Sewed, is. 

T'ait.— ANALYSIS OF ENGLISH IHSTORY, based on Green’s 
“gh^t History of the English Peoide.^^ Py C. W. A. Tait, 
• M.Ai^^ssistant-M aster, Clifton College. Crown 8vo. 3^. 6^/. 

Wheeler. — a SHORT history of INDIA and of the 
FRONTIER STA'fES OF AFGHANISTAN, NEPAUL, 
AND liURMA. By J. Talboys Wjikkler. With Maps. 
Crown 8vo. 12s. 

A COLLIlGE HISTORY OF INDIA. By the same. With 
^ Maps. Crown 8vo. [In the press, 

Yonge (Charlotte M.). — CAMEOS FKOM English 
HISTORY. By Charlotte M. YoxNGE, Author of “'I'he Heir 
of Redclyffe,” E:^tra fcap. 8vo. New Edition. 5'^* c'^tch. (1) 
FROM ROJ.ECJ TO EDWARD H. (2) THE WARS IN 
FRANCE. (3) THE WARS OF THE ROSES. (4) REFOR- 
MATION TIMES. (5) ENGLAND A4^1) SPAIN. (0) FORTY 
YEARS OF STCART RULE (1603— 1643). 

EUROPEAN HISTORY. Narrated in a Scries of Historical 
Selections from the Best Authorities. Edited and arranged by 
E. M. Sk WELL and C. M. Yonge. Fir^t Scries, 1003—1154. 
New Edition. Crown 8vo. 6 j. Second Series, 1088 — 122B. 
New Edition. Crown 8vo. 6 s. « 

THE VICTORIAN HALF CENTURY— A JUBIJJCE BOOK. 
With a New Portrait of the Queen. Crown 8vo., paper covers, is. 
Cloth, IJ. 6 i/. 


MODERN LAJMGUAGES AND 
LITERATURE. 

(i) English, (2) French, German, (4) Modern 
Greek, (5) Italian, (6) Spanish. 

« ENGLISH. 

Abbott. — A SHAKESPEARIAN GRAM^^R. An attempt to 
illustrate some of the Differences between Elizabethan and Modern 
English. By the Rev. E. A. Abbott, D.D., Head Master of tlie 
City of London School. New Edition. Extra fcap. 8vo. 6 s. 

Brooke. — primer of English literature. By the 

Rev. Stopford A. Brooke, M.A. i8mo. it, {LUtralure 
JMmers.) • 



60 MACMILLAN^S EDUCATIONAL CATALOGUE. 


Butler. — HUDIBRAS. Edited, with Irtroduction and Notes, by 
Alfred Milnes, M.A. Lon., late Student of Lincoln College, 
Oxford. Extra fcap 8vo. Part I. 3^. (id. Parts II. and III. 4^. 6 d. 
Cowper’s TASK: AN EPISTLE TO JOSEPH HILL, ESQ.; 

. TIROCINIUM, or a Review of the Schools; and THE HIS- 
TORY OF JOHN GILPIN. Edited, with Notes, by Willem 
Benham, B.D. Globe 8vo. is. {Globe Readings froCi Standard 
Authors.) 

Do Wden.— SHAKESPEARE. By Professor Dowoen. i8mo. 

I s, ( Litei'ature Primers . ) 

Dryden. — SELECT PROSE WORKS. Edited, with Introduction 
and Notes, by Professor C. D. YoNGE. P'cap. 8vo. 2s. 6d. 

Gladstone. — speli.ing reform from an educa- 

TIONAL POINT OF VIEW. By J. H. Gladstone, Ph.I>>,^ 
F.R.S., Member of the School Board for London. New Edition. 
Crown 8vo. is. 6d. 

Globe Readers. For Standards, I.— VI. Edited t>y A. F. 
Murison. Sometime English Master at the Aberdeen Grammar 
School. With llliusftations. Globe 8vo. 

Primer I. (48 pp.) 3^. Book III. (232 pp.) i.f. ‘^d. 

Primer 11 . (48 pp.) 3^. Book IV. (328 pp.) is. gd. 

Book 1 . (96 pp.) 6d. Book V. (416 pp.) 2s. 

Book II. (136 pp.) gd. Book VI. (448 pp.) 2s. 6d. 

“ Among the numerous sets of readers before the public the present series U 
honourably distinguished by the mtrkeb superiority of its materials and the 
careful ability with which they have been adapted to the growing capacity of the 
pupils. The plan of the two primers is excellent for facilitating the child's first 
attempts to re.ad. In the first three following books there is abundance of ciiter- 

t.a.ning reading Better food for young minds could hardly be found.”— 

^1’HK ATHENiKUM. 

*Tke Shorter Globe Readers. — with Illustrations. Globe 

8vo. 

Primer I. (48 PP») 3d. Gtandard III. (178 PP-) i-f. 

Primer II. (48 pp.) 3d. Standard IV. (182 pp.) is. 

Standard I. (92 PP-) 6t/. Standard V. (216 pp-) is. 3d. 

Standard II. (124 pp.) 9^- Standard VI. (228 Pp.) is. 6d. 

* I’his Senes has been abridged Irom ‘*Thc Globe Readers** to meet the demand 
for smaller reading books. 

GLOBE BEADQ7GS FROM STANDARD AUTHORS. 
Cowper’s TASK: AN EPISTLE TO JOSEPH HILL, ESQ. ; 
TIROCINIUM, or a Review of the Schools ; and THE HIS- 
TORY OF JOHN GILPIN, Edited, with Notes, by William 
Benham, B,*D. Globe Svp. i.r. 

Goldsmith’s vicar of WAKEFIELD. with a Memoir of 
Goldsmith by Professor Masson. Globe 8vo. ix. 
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Lamb*s (Charles) tales from SHAKESPEARE. 
Edited, with Preface, by the Rev. Canon Ainger, M.A. 
Globe Svo. 2 s, 

Scott’s (Sir Walter) lay of the last minstrel ; 

and THE LADY OF THE LAKE. Edited, with Introductions 
, and Notes, by Francis Turner Palgravk. Globe Svo. is, 
MAlftHjpN ; and the LORD OF THE ISLES. By the same 
, Editor. Globe Svo. is. 

The Chifdren’s Garland from the Best Poets. — 

Selected and arranged by Coventry Patmore. Globe Svo. 2 s, 

Yonge (Charlotte M.).— a BOOK OF GOLDEN DEEDS 
OF all times and all countries. Gathered and 
narrated anew by Charlotte M, Yonge, the Author of “ The 
Heir of Redclyffe.*’ Globe Svo. 2 s, 


Goldsmith.— THE traveller, ora Prospect of Society ; 
and THE DESl^RTED VILLAGE. By Oi.iver Goldsmith. 
With Notes, Piiilological and Explanatory, by J. W, Hales, M.A. 
Crown Svo. 

THE VICAR OF WAKEFIELD. With a Memoir of Goldsmith 
by Profcs.sor Masson. Globe Svo. is, (G!obe Readings from 
Standard Authors.) •' • 

SELECT ESSAYS. Edited, with Introduction and Notes, by 
Professor C. D. Yonge. Fcap. Svo. 25. 6 d, 

THE DESERTED VILLAGE AND TRAVELLER. Edited, 
with Introduction and Notes, by Arthur Barrett, B.A., Pro- 
fessor of Engli.sh Literature in the Elphinstone College, Bombay. 
Globe Svo. [/« the press. 

Hales. — T.ONGEK ENGLISH POEMS, with Notes, Philological 
and Explanatory, and an Introduction on the Teaching of Engli.sh, 
Chiefly for U.‘'e in Schools. Ed 4 ?ed by J. W. Hales, M.A., 
Professor of English literature at King’s College, London. New 
^dition. Extra fcap. Svo. 4^*. 6 d, 

Johnson's LIVES OF THE POETS. Six Chief LivW 

(Milton, Dryden, Swift, Addison, Pope, Cfray), with Macaulay s 
“Life of Johnson.” Edited with Preface and Notes by Matthew 
Arnold. New and cheaper edition. Crown Svo. 4^. 6 d, 

Lamb (Charles). — tales from Shakespeare. Edited, 

with Preface, by the Rev. Canon Ainger, M.A. Globe Svo. 
2^ {Globe Readings from Standard Authors,) 
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Literature Primers — Edited by John Richard Green, 
M. A,, LL.D., Author of “A Short History of the Eiigli.sh People/' 
ENGTJSII COMPOSITION. By Professor Nichol. i8mo. is. 
ENGLISH GRAMMAR. By the Rev. R. Morris, LL.D., some- 
lime President of the Philological Society. i8mo. is. 

ENGLISI-I GRAMMAR EXERCISES. By R. Morris, LT..D.. 

and I’l. C. Bowen, M.A. i8mo. is. ' ^ 

EXERCISES ON MORRIS’S PRIMER OF ENGLISH 
GRAMMAR. By John Wetiierell, of the Mi/idle School, 
Liverpool College. i8mo. is. 

ENGLISH I.ITERATURE. By Stopford Brooke, M.A. New 
Pldition. i8mo. is. 

SHAKSPERE. By Professor Dowden. i8mo. is. 

THE CHILDREN’S TREASURY OF LYRICAL POETUV. 
Selected and ananged with Notes by Francis Turner Pai.’^ 
gravp:. Ill Two Parts. l8mo. i.y. each. 

PHILOLOGY. By J. Peile, M.A. i8mo. is . 

A History of English jLiterature in Four Volumes. 
"Crown 8vo. 

EARLY ENGLISH LITERATURE. By SfoPFORD Brooke, 
M.A. [/;/ prel'anUioih 

ELIZABETHAN LITERATURE. By George SAiNrsuuRY. 
*1$. 6(i. 

THE AGE OF QUEEN ANrNE. By Edmund Oosse. [/;/ prep. 
THE MODERN PERIOD. By Professor E. Dowden. [In prep. 

Macmillan’s Reading Books. — Adapted totheKngU iian i 

Scotch Codes. Bound in Cloth. 

PRIMER. 181110. (48 pp.) 7d. BOOK HI. for Standard IH. 
book I. for Standard I. 181110. iSino. (160 pp.) 

(96 pp.) 

BOOK II. for Standard II. iSmo. iJOOK iV. for Standard IV. 

(144 pp.) ^d. iS.no. (176 pp.) %d. 

BOOK V. for Standard V. i8ir»o. BOOK VI. for Standard VL Cr, 
(380 pp.) IS. 8vo. (430 PP-) 25 . 

Book VI. is fitted for higher Classes, and as an Introduction to 
English Literature. * 

Macmillan’s Oopy-Books — 

Published in two sizes, viz. : — 

1. Large Post 4to. Price each. 

2. Post Oblong. Price T . d . each. 

1. INITIATORY EXERCISES AND SHORT LETTERS, 
a. WORDS CONSISTING OF SHORT LETTERS. 

*3. LONG LETTERS. With Word* containing Long Letters— Figures. 

*4. WORDS CONTAINING LONG LETTERS. 
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Macmillan's Copy Books {continued ) — 

4U. PRACIISINC; AND REVISING COPY-DOOK For No*;. 1 to 4. 

♦5 CAPITALS AND SHORT HALF-'l KXT. Words beKinniruj with a Capital. 
•^6 HALF-'J'EX'J' WORDS beginning; with C.ipitils — Figuus. 

♦7. SMALL-HAND AND HAl.K-TKXT. With Capitals and Fig-nvs. 

*8. SMALL-HAND AND HALF-TKX'i\ With Capitals and Figi.ies. 

8a. PRACTISING AND REVISING ('OPY-LOOK. For Nos. 5 to 8. 

lo. SMALL-HAND SIMGT.E H FADLI NFS -Figures. 

10. ^SMAL*,-HAND SINGLE HEADLINES -Figures. 

11. *SMALf^lAND DOUBLE 11 EADLl NFS— F\gures. 

12. COMMEKCIAI, AND ARI LUME J ICAL EXAMPl.KS, &c. 
i2a.PRACTI^NG AND REVISING COPY-BOOK. For Nos. 8 to 12. 

* These fiumhrs may be had nnth Good mads Patent Sliding 
Cojii’i. I.arjje Post 4to. Price 6r/. each. 

Martin.— THE POET’S HOUR: Poetry selected and arrang'd 
• for Children. By P'rances Martin, New EMitioii. iSmo. 
2s, 6d. 

SPRING-TIME WITH THE POETS: Poetry selected by 
Frances Martiij^. New Edition. iSino. 3.^ 6d. 

Milton. — By Stopford Brooke, M.A. Fcap. 8vo. is, 6d 
{(Classical Writers Series,) ^ ^ 

Milton.— PARADISE LOST. Books I. and II. Edited, with 
Introduction and Notes By M Macmillan, B.A. Oxon, 
Professor of Logic and Moral Philosophy, Elphinstone College, 
Bombay, Globe 8vo. 2s, 6d, 

Morley.— ON the study of literature. The Annual 

Address to the Students of the London Society for the pA'tcnsion 
of University Teaching. Delivered at the Mansion Hou-e, 
February 26, 1887. By John Morley. Globe 8 vo. Cloth, is. ()d. 
* Also a Popular Edition in Pamphlet form for Distribution, price 2d. 

Morris. — Works by the Rev. R. Morris, LT..D. 

HISTORICAL 0 UTLINP:S^ OF ICNGLISH ACCIDENCE, 
comprising Chapters on the History and Development of the 
Language, and on Word-formation, New Edition. Extra fcap. 
8vo. 6 j. 

ELEMENTARY LESSONS IN HISTORICAL ENGLISH 
GRAMMAR, containing Accidence and Word-formation. New 
Bdition. i8mo. 2s. 6d. 

PRIMER OF ENGLISH GRAMMAR. 1^0. is. (See also 
Literature Primers,) 

Oliphant.— the OLD AND MIDDLE ENGLISH. A New 
Edition of “THE SOURCES OF STANDARD ENGLI.^fl,” 
revised and greatly enlarged. Bjr.T. L. Kington Oliphant. 
Extra fcap. 8vo. pr. ^ 

THBJ^EW ENGLISH. By the same Author. 2vols. Cr. 8vo. air. 
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Palgrave. — the children’s treasury of lyrical 

rOETRY. Selected and arran^^cd, with Notes, by Francis 
Turner Palgrave. i8mo. 2.?. 6^/. Also in Two Parts, is. each. 

Patmore. — the children’s garland from the 

BEST POETS. Selected and arranged by Coventry Patmore. 
Globe 8vo. 2 s. (Globd Readings from Standard Authors.) 
Plutarch. — IJeing a Selection from the Lives which Fliisfrate 
Shakespeare. North’s Translation. Edited, with Intfodiictions, 
Notes, Index of Names, and Glossarial Index, by the Rev. W. 
W. Skeat, M.A. Crown 8vo. 6j. 

Saintsbury. — a HISTORY OF ELIZABETHAN LITERA- 
TURE. By George Saintsbury. (Being Vol. II. of “A 
History of English literature ” in Four Volumes. Cr. 8vo. *]s, 6d. 

Scott’s (Sir Walter) lay of the i.ast minstrel, 

and THE LADY OF THE LAKE. Edited, with IntroductiolH 
and Notes, by Francis Turner 1'algrave. Globe 8vo. is. 
{Globe Readings from Standard Authorsi) , 

MARMION ; and THE LORD OF THE ISLES. By the same 
Editor. Globe Svo. ix. f^Globe Reidings from Standard Authors.) 
MARMION. Edited^' wit'll Introduction and Notes, by M. Mac- 
millan, B.A. Oxon, Professor of I.ogic ^ind Moral Philosophy, 
Klphinstone College, Bombay. Glolio 8vo. 3x. 6d. 

Shakespeare. — a Shakespearian grammar. By Rev. 

K A. Abtott, D.D., Head Master of the City of London School. 
Globe Svo. 6x. 

A SHAKESPEARE MAN^UAL. By F. G. Flkay, M.A., late 
Head Master of Skiptou Grammar School. Second Edition, 
Extra fenp, Svo. 4 r. 6d. 

primer of SHAKESPEARE. By Professor Dowden, i8mo. 
IX. ( Literature Pt imers. ) 

Softnenschein and Meiklejohn. — THE ENGLISH 
METHOD OF TEACHING TO R1-',AD. By A. Sonnkn- 
schkin and J. M. D. MkiklljoVIiN, M.A. Fcap. Svo. 

COMPRISING : 

I'lIE NURSERY B001(., containing pll the Two-T.etter Words 
in the Language. \d, (Also in Large Type on Sheets for 
School Wails. 5x.) 

THE FIRST COURSE, consisting of Short Vowels with Single 
Consonants, (id. 

THE SECOND COURSE, with Combinations and Bridge's, 
consisting of Short Vowels with Double Consonants, (d. 
THE THIRD AND FOURTH COURSES, consisting of Long 
Vowels, and all the Double Vowels in the Language, (id. 

“ These arc admirable books, beaiuSc they are constructed on a principle, and 
that the simplest principle on which it is possible to learn to read English.**— 
Spectator. 
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Tfiylor*—— WORDS AND PLACES; or, Etymological Illustra- 
tions of Hist<iry, Ethnology, and Geography. By the Rev. 
Isaac Taylor, M.A., Litt. D., Hon. LL.D., Canon of York. 
Third and Cheaper Edition, revi^ed and compressed. With Maps. 
Globe 8 VO. 6s. 

Tennyson.— The COLI.ECTED WORKS of LORD TENNY- 
'* SOi^p Poet Laureate. An Edition for Schools. In Four Parts. 
’CrowIt'Svo. 2s. 6d. each. 

SELECTIONS FROM LORD TENNYSON’S POEMS. Edited 
with Ndtes for the Use of Schools. By the Rev. Canoi^ 
Ainger, M.A., LL.D. \^In preparation. 

Thring.— the elements of grammar taught in 

ENGLISH. By Edward Turing, M.A., late Head Master of 
® Uppingham. With Questions. Fourth Edition. i8mo. 2s. 

•i^Vaughan (C.M.).— WORDS from the poets. By 

C. M. Vaughan. New Edition. iSino, cloth, is. 

Ward.— THE ENGLISH poets. Selections, with Critical 
Introductions by various Writers and a General Introduction by 
Matthew Arnold. Edited by 'f. II. Ward, M.A. 4 VoD. 
Vol. I. CHAU(4ER to DONNE.— %1. II. KEN JONSON 
TO DRYDEN.— Vo!. III. ADDISON TO KLAKE.— Vol. IV. 
WORDSWORTH to ROSSETTI. Crown 8vo. Each 7s . 6 ,/. 

Wetherell.— EXERCISES ON MORRIS’S PRIMER OF 
ENGLISH GRAMMAR. By John Wetherell, M.A. 
l8mo. IS. {Literature Prinitrs.\ 

Woods.— A FIRST School poetry book. Compiled 
by M. A. Woods, Head Mistress of the Clifton High School for 
Gills. Fcap. 8vo. 2r. 6if. 

A SECOND SCHOOL POETRY BOOK. By the same Author. 
Fcap. 8vo. 4'- * 

Yonge (Charlotte M.).— the abridged book O!'- 

GOLDEN DEEDS. A I<e.a<iing Buok for Schools anti general 
re.aders. By the Author of “ The Heir of Kedclyfle.” l8mo, cloth, is. 
GLOBE READINGS EDITION.^ Globe 8vo. 2s. (See p. 6i.) 

FRENCH. 

Beaumarchais,- LE barrier de i»EViLLE. Edited, 

with Introduction and Note-, by L. P. Klouet, Assistant Master 
in St. Paul’s School. Fcap. 8vo. 31. 6«f. 

Bowen.— FIRST lessons in french. By H. Coi'k- 

thope Bowen, M, A„ Principal of the Finsbury Training College 
for Higher and Middle Schools. Extra fcap, Svo. u. 
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Breymann. — Works by Hermann Breymann, Ph.D., Pro- 
fessoi of Philology in the University of Munich. 

A FRENCH GRAMMAR BASED ON PHILOLOGICAL 
PRINCIPI.ES. Second Edition. Extra fcap. 8vo. 4;’. 6^/. 

FIRST FRENCH EXERCISE BOOK. Extra fcap. 8vo. 4^.6^/. 

SECOND FRENCH EXERCISE BOOK. Exti*a fcap. 8vo. 2r. 6^/. 

Fasnacht. — Works by G. KiJGfeNE Fasnacht, Aiithof of< ** Mac- 
millan’s }h‘og.‘essive French Course,” Editor of ‘r Macmillan’s 
Foreign School Classic-,” &c. 

THE ORGANIC METHOD OF STUDYING LANGUAGES. 
Extra fcap, 8vo. I. French. 3.?. 61/. 

A SYNTHETIC FRENCH GRAMMAR FOR SCHOOLS. 
Crown 8vo. 3,^. 6^/. 

GRAMMAR AND GLOSSARY OF THE FRENCH LAN- 
GUAGE OF THE SEVENTEENTH CENTURY. Crown 
8vo. [/u preparation, 

Macmillan’s Primary Series of French and 
German Reading Books. — Edited by G. Eugene 
Fasnacht, Assistant -Master in Westminster School. With 
Illustrations. Globe 8vo. 

DE MAISTRE-yLA JEUNE SIBERIENNE ET LE LJiPREUX 
DE LA CITE D’AOSTE. Edited, with Introduction, Notes, 
and Vocabulaiy, By S i'kimiane Barlet, B.Sc. Univ. Gall, and 
London ; Assistant-Master at the Mercers’ School, Examiner to 
the Colloj^e of Precoptois,jh€ Royal Naval College, &c. is. 6d, 

FLORI AN—ShXECT FABLES. Edited, with Notes, Vocabulary, 
and Exercises, by Charles Yeld, M.A., Head Master of 
University School, Notlingliam. Illustrated. [/w the press, 

GRIMM— KINDER UNI) IIAUSMARCHEN. Selected and 
Edited, with Notes, and Vocabulaiy, by G, E. Fasnacht. 2s, 

IIAUKF,— J)IE KARAVANE. Edited, with Notes and Vocabu- 
lary, by Herman Hager, Ph.p. Lecturer in the Owens College, 
Manchester. 2S. 6(/. 

LA FONTAINIC— A SELECTION OF FABLES. Edited, with 
Introduction, Notes, and Yo^Mmlary, by L. M. Moriarty, B.A., 
Professor of Ercnch in King’s College, London. 2s. 

PERRAULT— COPTICS JM-i FliES. Edited, with Introduction, 
Notes, and Vocabulary, by G. E. Fasnacht. i.r. 

G. SCHWAB— ;ODYbSEUS. With Introduction, Notes, and 
Vocabulary, by the same Editor. \ln preparation, 

Macmillan’s Progressive French Course. — By g. 

Eugi>ne Fasnacht, Assistant-Master in Westminster School. 

I. — First Year, containing Easy Lessons on the Regular 
Accidence. New an,d thoroughly revised Edition. Extra feup. 
8vo. is. 
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Macmillan’s Progressive French Course {continued) 
11. — Second Year, containin'^ an Elementary Grammar with 
copious Exerci^e^, Notes, and Vocabularies. A new Edition, 
enlarged and thoroughly revised. Extra fcap. 8vo. 2s, 

HI. — Third Year, containing a Systematic Syntax, and Lessons 
in Composition. Extra fcap. 8vo. zs, (id, 

•THE. TEACHER’S COMPANION TO MACMILLAN’S 
•PRO»(^<ESSlVE FRENCH COURSE. With Copious Notes, 
Hints for Different Renderings, Synonyms, Philological Remarks, 
&c. By*G. E. Fasnacht. Globe 8vo. Second Year 4s. 6d. 
Third Year 4s, 6d, 


Macmillan's Progressive French Readers. By 

G. EUGkNE P'asnacht. 

€. — First Year, containing P'ables, Historical P^xtracts, Letters, 
Dialogues, Ballads, Nursery Songs, cS:c., with Two Vocabularies: 
(i) in the order of subjects; ( 2 ) in alphabetical order. Extra 
fcap. 8vo. 2s. 6d^ 

II. — Second Year, containing Fiction in Prose and Verse, 
Historical and Descriptive Extracts, Essays, Letters, Dialogues, 
&c. Extra fcap, 8vo. 2s, 6d, ^ s 

Macmillan's Foreign School Classics. Edited by G. 

Eug£:nk Fasnacht. i8mo. 


FRENCH. 

CORNEILLE—LE CID. Edited by G. E. Fasnacht. is, 
DUMAS— LES DEMOISELLES *DE ST. CYR. Edited bv 
Victor Oger, Lecture in University College, Liverpool, is. Cd. 
LA P^ONTAINE’S fables. Books L— VI. Edited by L. M. 
Moriarty, B.A., Professor of French in King’s College, London. 

[/« preparation, 

MOLT ft RE — L’AVARE. By the same Editor, u. • 

MOLlftRE— LE BOURGEOIS GENTILHOMME. By the same 
Editor. IS, 6d, a 

MOLlftRE— LES FEMMES SAVANTES. By G. E. Fasnacht. 

is, 

MOI.lftRE— LE MISANTIIROPEf By the same Editor, ir. 

MOLIERE— LE MfeDECIN MALGRE LUI. By the same 
raitor. IS, 

RACINE— BRITANNTCUS. Edited by E;#GfeNE Pellissier, 
Assistant- Master in Clifton College, and Lecturer in University 
College, Bristol. 2s. 

FRENCH READINGS FROM ROMAN HISTORY. Selected 
from Various Authoi's and Edited by C. Colrkck, M.A., late 
Fellow of Trinity College, Cambridge; Assistant -Master at 
PI^ow. 6d, 
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Macmillan’s Foreign School Classics {continued ) — 
sand, GEORGE-LA MARE AU DIABLE, Edited by W. E, 
Russell, M.A., Assistant-Master in Haileybury College, is. 
SANDEAU, JULES-MADEMOISELLE DE EASEIGLIERE. 
Edited by H. C. Steel, Assistant-Master in Winchester College. 

ij. 

THIEKS’S HISTORY OF THE EGYPTIAN EXPEDITION. 
ICdited by Rev. H. A. Bull, M.A. Assistajif- Master in 

Wei 1 ington C ollcge. \ln preparatu n. 

VOLTAIRE— CHARLES XII. Edited by G. E. Fas nacht. 3 ^. 6 ^/. 
Other volumes to follow. 

(See also German Author s^ page 69 . 

Masson (Gustave).— a compendious dictionary 

OF THE FRENCH LANGUAGE (French-English and English- 
French). Adapted from the Dictionaries of Professor Alkr-el 
Elwall. Followed by a List of the Principal Diverging 
r/erivation<?, and preceded by Chronological and Historical Tables. 
By Gustave Masson, Assistant^Master and Librarian, Harrow 
School. New Edition.,? Crown 8 vo. 6 s. 

Moliere. — LE MALADE IMAGINAIRE. Edited, with Intro- 
duction and Notes, by Francis Tarver, M.A., Assistant-Master 
at Eton. Fcap. 8 vo. 2 s. 6d. 

(See also Macmillan* s Foreign School Classics,') 
Pellissier.— french ROOTS AND THEIR FAMILIES. A 

Synthetic Vocabulary, b^sedmpon Derivations, for Schools and 
Candidates for Public Examinations^ By Eugene Pellissier, 
M.A., B.Sc., LL. B., Assistant-Master at Clifton College, Lecturer 
at University College, Bristol. Globe 8 vo. 6s» 


GERMAN, 

HUSS.— A SYSTEM OF ORAL'INSTRUCTION IN GERMAN, 
by means of Progressive Illustrations and Applications of the 
leading Rules of Grammar, By Hermann C. O. Huss, Ph.D. 
Crown 8 vo. 5’^* 

Macmillan’s Progressive German Course. By G. 

EUGfeNE FASNACHT. ' 

Part I. — FirsivYear, Easy Lessons and Rules on the Regular 
Accidence. Extra fcap. 8 vo. is, 6d. 

Part II. — Second Year, Conversational Lessons in Systematic 
Accidence and Elementary Syntax. With Philological Illustrations 
and Etymological Vocabulary, New Edition, enlarged and 
thoroughly recast. £^ti*a fcap. 8 vo. 3 ^. 6^4 
Part III.— Third Year. 


\In p^*paration^ 
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Macmillan’s Progressive German Course {continued) 
TEACHER’S COMPANION TO MACMILLAN’S PROGRES- 
SIVE GERMAN COURSE. With copious Notes, Hints for 
Different Renderings. Synonyms, Philological Remarks, &c. B) 
G. E. Fasnaciit. Extra Fcap. 8vo. First Year. 4^. 6f/. 
^^Second Year. 4^. 6</. 

Mskcrtliljan’s Progressive German Readers. By 
^ G. E. F*asnacht. 

1 . — First A^ear, containing an Introduction to the German order 
of Words, with Copious lOxamplcs, extracts from German Authors 
in Prose and Poetry ; Notes, and Vocabularies. Extra Fcap. 8vo., 
2.f. ^d, 

W^acmillan’s Primary German Reading Books. 

I (See page 66.) 

Macmillan's Foreign School Classics. Edited by 

G. EUGiiNE Fasnacut, 1 81110. 

GERMAN^ 

FREYTAG (G.).- 4 )OKTOR LUTfTE^ Edited by Francis 
Storr, M.A., Head Master of the Modern Side, Merchant Tay- 
lors^ School. \In prepamtion. 

GOFTHE— GOTZ VON BERLICHTNGEN. Edited by H. A. 

Bull, M.A., Assistant Master at Wellington College. 7 .s, 
GOETHE — FAUST. Part I.* folfowcd by an Appendix on Part 
II. Edited by Jane I.ee, Lecturer in German Literature at 
Newnham College, Cambridge. 4f. 6f/. 

PIEINE-^SEIJCCTIONS FROM THE REISEBILDER AND 
OTHER PROSE WORKS. Edited by C. Colueck, M.A., 
Assistant-Master at Harrow, late Fellow of Trinity Coliege, 
Cambridge. 2J. 6^4 

LESSING.— MINNA VON ®BARNHELM. Edited by James 
Si ME. \In preparafion, 

SCHILLER— SELECTIONS FROlJjJ SCHILLER’S LYRICAL 
POEMS. Edited, with Notes and'^a Memoir of Schiller, by E. J. 
Turner, B.A., and E. D. A. Morshead, M.A. Assistant- 
Masters in Winchester College. 2s, 6d, 

SCHILLER— DIE JUNGFRAU VON ORLEANS. Edited by 
Joseph Gostwick. 2s, 6d, ^ 

SCHILLER— MARIA STUART. Edited by C. Sheldon, M.A., 
D.T.it., of the Royal Academical Institution. Belfast. 2s,6d, 
SCHILT.ER— WILHELM TELL. Edited by G. E. Fasnacht. 
2s, 6d, 

SCHILLER.— WALLENSTEIN, fart 1 . DAS LAGER. Edited 
by«H. B. Cotterill, M.A. 2s, 
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UIILAND— SET.ECT BALLADS. Adapted as a First Easy Read- 
ing; Book for Beginners. With Vocabulary. Edited by G. E. 
Fasnacht. is, 

*** Volumes to follow, 

(See also French Authors^ page 67 *) 

Pylodet.— NKW GUIDE TO GERMAN CONVERoATipit; 
containing an Alphabetical List of nearly 800 Familiar Words; 
fI)llov^ed ' by Exercises; Vocabulary of Words in frequent use; 
Familiar Phrnscs and Dialogues; a Sketch of German literature, 
Idiomatic l!^xpresbions, &c. By L, Pylodet. i8mo, cloth limp, 
is, (id, 

Whitney. — Works by W. D. Whitney, Professor of Sanskrit 
and Instructor in Modern Languages in Yale College. 

A COMPENDIOUS GICRMAN GRAMMAR. Crown 8vo. 4^. M. 
A GERMAN READER IN PROSE AND VERSE. With Notes 
and Vocabulary. Crown 8vo. 5x, 

Whitney and Edgren. — a tOMPENDIOUS GERMAN 
AND J’^NGLISH DICTIONARY, with Notation of Correspon- 
dences and Brief Etymol<)gics. By Professor W. D. Whitnev, 
assisteil by A. II. Edgren. Crown 8vo. *]s. (>d, 

THE GERMAN-ENGLISII PART, separately, Ss. 

MODERN, GREEK. 

Vincent and Dickson. — handbook TO MODERN 
GREEK. By Sir Edgar Vincent, K.C.M.G. and T. G. 
Dickson, M.A. Second Edition, revised and enlarged, with 
Appendix on the relation of Modern and Classical Greek by 
Professor Jebb. Crown 8vo. 6s, 


ITALIAN. 

Dante. — the PURGA'TORY of DANTE. Edited, with 
Translation and Notes, by A. J. Butler, M.A., late Fellow of 
Trinity College, Cambridge. Crown 8vo. 12s, 6d, . 

THE PARADISO OF DANTE. Edited, with Translation and 
Notes, by the same Author. Crown 8vo. 12s, 6d, 


SPANISH. 

Calderon.— FOUR plays of CALDERON. Edited, with 
Introduction and Notes^ by Norman MacColl, M.A., Fellow of 
Downing College, Cambridge. Crown 8vo, [In fh'C press. 
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domestic economy. 

Barker.— FIRST lessons in the principles of 

COOKING. By Lady Barker, New Edition. i8mo. is . 

Berners.— first lessons on health. By J. Berners. 

# New Jfdition. 181110. is, 

Fawcett.— tales in political economy. By Milli- 

. CENT Garrett P'awcett. Globe 8vo. ^s, 

Frederick.- hints to housewives on several 
points, particularly on the preparation of 

ECONOMICAI. and TASTEFUL DISHES. By Mrs. 
P'rederick. Crown Svo. u. 

‘^rhis unpretending and useful little volume distinctly supplies a dfesideratum 
.... The autRor steadily keeps in view the simple .liin of ‘ making every-day 
^eals at home, particularly the dinner, attractive,' without adding to the ordinary 
Household expenses.*'— S aturday Rkvjew. 

Grand’homme.— cutting-out and dressmaking. 

PVom the Prench of Mdlle. E. Grand' homme. With Diagrams. 
i8mo. IS. 

Jex-Blake.— THE care of INF^NTS. a Manual for 
Mothers and Nurslis. By Sophia Jex-Bi.ake, M.D., Member 
of the Iri.sh College of Physicians ; Lecturer on Plygiene at 
the Ixindon School of Medicine for Women, i8mo. is. 

Tegetmeier.— H o U S E ll O LD management and 

COOKERY. With an Appendix of Recipes used by the 
Teachers of the National ^ho;>l of Cookery. By W. B, 
Tegetmeier. Compiled at the request of the School Board for 
London. i8mo. u. 

Thornton.— FIRST LESSONS IN BOOK-KEEPING. By 
J. Thornton. New Edition. Crown Svo. 2 s. 6 (/. 

The object of this volume is to make the theory of Book-keeping sufficiently 
plain for even children to understand it. 

A KEY TO THE ABOVE FOR THE USE OF TEACHERS 
AND PRIVATE STUDENTS. Containing all the Exercises 
worked out, with brief Notes. By J. Thornton. Oblong 4to. 
I or. 6 ( 1 . 

Wright.— THE SCHOOL COOKERY-BOOK. Compiled .and 
Edited by C. PL Guthrie Wright, Hon Sec. to the Edinburgli 
School of Cookery. iSmo. ir. 

ART AND KINDRED SUBJECTS. 

Anderson.— linear perspective, and model 

DRAWING, A School and Art Class Manual, with Questions 
and Exercises for Examination, and Examples of Examination 
Papers. By LAURENCE Andersen. With Illustrations, Royal 
SV 3 . 2 s . 
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Collier.— A PRIMER OF ART, With Illustratijns, By John 

Collier. i 8 mo. u. 

Delamotte — a beginner’s drawing book. By 

P. II. Delamot'I'e, F.S.A. Progressively arranged. New 
PMition improved. Crown 8vo. ^s. 6d. 

Ellis. — sketching from nature, a ll.an(?b-.pk fd. 

Students and Amateurs. By Tristram J. Eli.is., < With a 
Frontispiece and Ten Tlliistnation-, by H. Stacy Mark?, 
R.A., and Thirty Sketches by the Author. New Edition, revised 
and enlarged. Crown 8vo. 3?. 6d, 

Hunt.— TALKS ABOUT ART. By W11.UAM Hunt. ..With a 
Tetter from Sir ]. K. Millais, Bart., R.A. Crown 8vo. 3J. 6d. 
Taylor. — a PRI.MER of pianoforte PLi'YING. Py 
Franklin Taylor. Edited by Sir George Grove. i8mo. is.^ 

WORKS ON TEACHING. 

Bldkiston — THE TEACHER. Hints on School Management. 
A Handbook for Managers, Teachers’ Assi'vtants, and Pupil 
Tcacheres. By J. IV. BLakiston, M.A. Crown 8vo. 2s. 61/. 
(Recommended by the London, Birmii<^ham, and Leicester 
School Boards.) 

‘‘Into a c mp.'irafiyely ^mall book he has crowded a jn’cat deal of exceedingly 
useful and sound advice. It is a plain, common-sense book, full of hints to the 
teacher on the management of his school and his children."— School Boaku 
Chronicle. 

Calderwood, — on teaching. By Professor Henry Calder- 

WOOD. New Edition. Extra fcap. 8yo, 2s. 6d, 

Carter.— EYESIG FIT in schools, a Paper read before the 
Association of Medical Officers of Schools on April 15th, 1885. 
By R. Brudenkll Carter, F.R.C.S., Ophthalmic Surgeon to 
< 3 t. George’s Flospital. Crown 8vo. Sewed, is, 

Fearon.— SCHOOL inspection. By d. r. Fearon, m.a., 

Assistant Commi.ssioncr of Endowed Schools. New Edition. 
Crown 8vo. 2s, 6d, 

Gladstone.— OBJECT teaching, a Lecture delivered at 

the Pupil-Teacher Centre,*^ William Street Board School, Ham- 
mersmith. By J. H. Gladstone, Ph. D., F.R.S., Member of 
the London School Board. With an Appendix. Grown 
8vo. 3f/. 

“It is a short but ttl^eresting and instructive publication, and our younger 
teachers will do well to read it carefully and thoroughly. There is much in the.se 
few pages which they can leani and profit by.’'— riiit School Guardian. 

Hertel.— OVERPRESSURE in high SCHOOLS IN DEN- 
MARK. By Dr. Hertel, Municipal Medical Officer, Copen- 
hagen Translated from the Danish by C. Godfrey Sorensen. 
With Introduction by Sir J. Crichton-BroWNE, M.D. LL.D. 
F.R.S. Crown 8vo. y. 6d. 
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DIVINITY. 

*,* For other Works ;by the=e Authbrs, see Theological 
Catalogue. 

Abbott (Rev. E. A.)— IUBI.E lessons. By the Rev. 

E. A. Abbott, D.D., Ifead Master of the City of London 
• Sc^ho^l. New Edition. Crown 8vo. 6d. 

suggestive, and really profound initiation into religious thought.** 
— Gtjakdian.® 

Abbott— ^ushbrooke.— THE COMMON TRADITION OF 
THE SYNOPTIC GOSPELS, in the Text of the Revised 
Version. By Edwin A. Abbott, D.l)., formerly Fellow of St. 
John’s College, (Xmbridge, and W. G. Rushbrooke, M.L., 
formerly P'ellow of St. John’s College, Cambridge. Cr. 8vo. 3^.6^/. 
The Acts of the Apostles. — Being the Greek Text as 
revised by Profes ors Westcott and Hort. W^lh Explanatory 
Notes for the Use of Schools, by T. E. Page, M.A., late Fellow 
of St. John’s College, Cambridge; Assistant Mastei at the Charter- 
house. Fcj^ 8vo. 

Arnold. — a bible-reading, FOR schools. —the 

GREAT PROl^IECY OF ISRiW.L’S RICSTORATION 
(Isaiah, Chapters xl. — Ixvi.). Arranged and Edited for Young 
Learners. By Matthew Arnold, D.C.L., formerly Professor 
of Poetry in the University of Oxford, and Fellow of Oriel. 
New Edition. i8mo, cloth, u. 

Arnold.— ISAIAH XL.— LlfcVI^ With the Shorter Prophecies 
allied to it. An*ang<^ and Edited, with Notes, by Matthew 
Arnold. Crown 8vo. 5^. 

ISAIAH OF JERUSALEM, IN THE AUTHORISED ENG- 
LISH VERSION. With Introduction, Corrections, and Notes. 
By Matthew Arnold. Crown 8vo. 6d, 

Benham. — a companion to the lkctionary. ^eing 

a Commentary on the Proper Lessons for Sundays and Holy Days. 
By Rev. W. Benham, B.D., Rector of S. Edmund with S. 
Nicholas Aeons, &c New Edition. Crown 8vo. 41. 6d, 
Calvert.— GREEK TESTAMENJ, School Readings in the. A 
Course of thirty>.six Les.sons mainly following upon the Narrative 
of St. Mark. Edited and Arranged with Introduction, Notes and 
^Vocabulary, by the Rev. A, Calvert, M.A., late Fellow of St. 
John’s College, Cambridge. Fcap. 8vo. 

Cassel.— manual of Jewish history and litera- 
ture; preceded by a BRIEF SUMMARY OF BIBLE HIS- 
TORY. By Dr. D. Cassel. Translated by Mrs. Henry Lucas. 
Fcap. 8vo. 2s. 6d. 

Cheetham.— A church history of the first six 

CENTURIES. By the V«i. Archdeacon Cheetham, 
‘Crown 8vo. [/« theprm. 
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Cross. — BIRLE READINGS SELECTED FROM THE 
PENTATEUCH AND THE BOOK OF JOSHUA. By 
the Rev. John A. Cross. Second Edition enlarged, with Notes. 
Globe 8vo. 2 s , 6^. 

Curteis. — manual of the thirty-nine articles. 

By G. H. Curteis, M.A., Principal of the Lichfidd Theo- 
logical College. [/« preparation 

Davies , — the epistles of st. paut. to the ephf> 

STANS, THE COLOSSIANS. AND PHTLEAfoN ; with 
Introductions and Notes, and an Es'^ay on the Traces of Foreign 
Elements in the Theology of these Epi.stles. By the Rev. J. 
Llewelyn Davies, M.A., Rector of Christ Church, St. Mary- 
lebone; late Fellow of Trinity College, Cambridge. Second 
Edition. Demy 8vo. 6 d . 

Drummond.*-THE study of theology, intro- 

DUCTION TO. By James Drummond, LL.D., Professor of 
Theology in Manchester New College, London. Crown 8vo. 5r. 

Gaskoin. — THE CHILDREN’S TREASURY OF BIBLE 
stories. By Mrs'. Herman Gaskoin,, Edited with Preface 
by Rev. G. F. Maclear, D.D. Part L— OI.D TESTAMENT 
HISTORY. i8mo. is. Part II.— NEW TESTAMENT. i8mo. 
IS . Part III.— THE APOSTLES : ST. JAMES THE GKEAT, 
ST. PAUL, AND ST JOHN THE DIVINE. i8mo. is . 

Golden Treasury PsalAeri — Students’ Edition. Being an 
Edition of “The Psalms Chronologically arranged, by Four 
Friend.s,” with briefer Notes. l8mo. 3J. 6 d . 

Greek Testament. — Edited, with Introduction and Appen- 
dices, by Canon Westcott and Dr. F. J. A. Hort. Two 
Vols. Crown 8vo. 10s , 6 d , each. 

Vol. I. The Text. 

Vol. II. Introduction and Appendix.'- 

Greek Testament.-— Edited by Canon Westcott and Dr. 
Hort. School Edition o^ Text, i2mo. cloth. 4^. 6 d , i8mo. 
roan, red edges. 55. 6 d , 

GREEK TESTAMENT, SCPIOOL READINGS IN THE. Being 
the outline of the life of our Lord, as given by St. Mark, Vv^ith 
additions from the Text of the other Evangelists. Arranged and 
Edited, with Not^ and Vocabulary, by the Rev. A. Calvert, 
M.A., late Fellow of St. Johans College, Cambridge. Fcap, 8vo. 
4r. 6 d , 

THE ACTS OF THE APOSTLES. Being the Greek Text as 
revised by Drs. Westcott and Hort. With Explanatory Notes 
by T. E. Page, M.A., Assistant Master at the Charterhouse. 
Fcap. 8vo. 4?. 6 d , 



DIVINITY. 


75 


TITE GOSPFX ACCORDING TO St. MARK. Being the Greek 
Text as revised by Drs. Westcott and Hort. With Explanatory 
Notes by Rev. J. O. F. Murray, M.A., Lecturer in Emmanuel 
College, Cambridge. Fcap. 8vo. \In preparation, 

Hardwick, — Works by Archdeacon Hardwick : — 

** ^ HISTORY OF THE CHRISTIAN CHURCH. Middle 
Age.^ • From Gregory the Great to the Excommunication of 
Luther. Edited by William Stubbs, M.A., Regius Professor 
of Modern History in the University of Oxford. With Foui 
Maps. New Edition, Crown 8vo, lOf. (>d, 

A HISTORY OF THE CHRISTIAN CHURCH DURING 
THE REFORMATION. Eighth Edition. Edited by Professor 

« Stubb% Crown 8vo. ioj. 6d, 

Jennings and Lowe.— THE PSALMS, WITH INTRO- 
HUCTIONS AND CRITICAL NOTES. By A, C. Jennings, 
M.A. : assisted parts by W. H. LoWE, M.A. In 2 vols. 
Second Edition Revised.* Grown 8vo. \os. 6d. each. 

Kay.— ST, PAUL’S TWO EPI^LES TO THE CORIN. 
TIIIANS, A OTMMENTARV ON. By the late Rev. W. 
Kay, D.D., Rector of Great Legbs, Essex, and Hon. Canon of 
St. Albans ; formerly Principal of Bishop^s College, Calcutta ; and 
Fellow and Tutor of Lincoln College. Demy 8vo. 9^. 

Kuenen.— PENTATEUCH -AriD BOOK OF JOSHUA; an 
Historico-Critical Inqtiiry into the Origin and Composition of the 
Hexateueb. By A. Kuenen, Professor of Theology at Leiden. 
Translated from the Dutch, with the assistance of the Author, by 
Phillip H. Wicksteed, M.A. 8vo. 14.?. 

The Oxford Magazine says: — “The work is absolutely indispensably to all 

special students of the Old Testament." 

Lightfoot, — Works by th^Right Rev. J. B. Lightfoot, D.D., 
D.C.L., LL.D., Lord Bishop of Durham. 

ST. PAUL’S EPISTLE TO THE GALATIANS. A Revised 
Text, vith Introduction, Nolfs, and Dissertations. Ninth 

Edition, revised. 8vo. I2x. 

PAUL’S EPISTLE TO THE PHILIPPIANS. A Revised 
Text, with Introduction, Notes, and Dissertations. Ninth 
Edition, revised, 8vo. I2s. ^ 

ST. CLEMENT OF ROME —THE TWO EPISTLES TO 
THE CORINTHIANS. A Revised Text, with Introduction and 
Notes. 8vo. Ss, 6d, 

ST. PAUL’S EPISTLES TO THE COLOSSI ANS AND TO 
PHILEMON, A Revised Teit, with Introductions, Notes, 
and Dissertations. Eighth Edition, revised. 8vo. I2.f. 
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Lightfoot. — Works by the Right Rev. J. B. Lightfoot, D.D., 
D.C.L., LT..D,, Continued ) — 

THE ArOSTOLIC FATHERS. Part II. S. IGNATIUS— 
S. POLYCARP. Revised Texts, with Introductions, Notes, 
Dissertations, and Translations. 2 volumes in 3. DemySvo. 48^. 

Maclear.— Works by the Rev. G. F. Maclear, D.D., tafiontof* 
Canterbury, Warden of St. Augustine’s College, Canterbury, and 
late Head- Master of King’s College School, London • 

A CLASS-BOOK OF OLD TESTAMENT HISTORY. New 
Edition, with Four Maps. 181110. 4s. 6d. 

A Cr.ASS-BOOK OF NEW TESTAMENT HISTORY, 
including the Connection of the Old and New Testament^ 
With Four Maps. New Edition. i8mo. 51. 6d. * 

A SIIITJJNG BOOK OF OLD TESTAMENT HISTORY, 
for National and Elementary Schools. With Map. i8mo, cloth. 
New Edition. • 

A SIITl-LING BOOK OF NEW TESTAMENT HISTORY, 
for National and Elementakry Schools. With Map. i8mo, cloth. 
New Edition. * 0 

These works have been carefully abridged from the Author’s 
large manuals. 

CLASS-BOOK OF THE CATECHISM OF THE CHURCH 
OF ENGLAND. New Edition. i8mo. is, 6d. 

A FIRST CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND. With Scripture Proofs, for Junior 
Classes and Schools. New Edition. l8mo. 6d. 

A MANUAL OF INSTRUCTION FOR CONFIRMATION 
AND FIRST COMMUNION. WITH PRAYERS AND 
DEVOTIONS. 32mo, cloth extra, red edges. 2s, 

Maurice.— THE LORD’S PRAYER, THE CREED, AND 
THE COMMANDMENTS. A Manual for Parents and 
Schoolmasters. To which is added the Order of the Scriptures. 
By the Rev. F. Denison Maurice, M.A. i8mo, cloth, limp, is, 

Pentateuch and Book of Joshua ; an Historico-Cnfical 
Inquiry into the Origin and Composition of the Hexatcuch. By 
A. Kuenen, Pro'ifessor of Theology at Leiden. Translated from 
the Dutch, with the assistance of the Author, by Philip H. 
WiCKSTEED, M.A. 8vo. I4f. 

Procter.— A HISTORY OF THE BOOK OF COMMON 
PRAYER, with a Rationale of its Offices. By Rev. F. Procter. 
M.A. 17th Edition, revised' and enlarged. Crown 8vo. 6d. 




DIVINITY. 


77 


Procter and Maclear. — an ELEMENTARY INTRO- 
DUCTION TO THE BOOK OF CQ^MON PRAYER. Re- 
arranged and supplemented by an Explanation of the Morning 
and Evening Prayer and the Litany, Sy the Rev. F. Procter 
and the Rev. Dr. Maclear. New and Enlarged Edition, 
containing the Communion Service and the Confinnation and 
Jt^ajAismal Offices. i8mo. 2s. 6d. 

'fhc Pealms, with Introductions and Critical 

^ Note^. — By A. C. Jennings, M.A., Jesus College, Cambridge, 

Tyrwhitt Scholar, Crosse Scholar, Hebrew University Prizeuian, 
and F'ry Scholar of St, John's College, Cams and Sih'>leficld 
Prizeman, Vicar of AVhittlesford, Cambs. ; as.sisted in Parts by W. 
H. Lowe, M.A., Plebrew Lecturer and late Scholar of Christ's 
Collegt, Cambridge, and Tyrwhitt Scholar. In 2 vols. Second 
Edition Revised. Crown 8vo, ioj. 6d. each. 

Ramsay.— THE CATECHISER'S MANUAL; or, the Church 
Catechism IllusAated and Explained, for the Use of Clergymen, 
Schoolmasters, and Teflchgers. By the Rev. Arthur Ramsay, 
M.A. New Edition. i8mo. ls^6d, 

Ryle.— AN INTIODUCTION TO tllE CANON OF THE 
OLD TEvST AMENT. By Rev. H. E. Ryle, M.A., Fellow 
of King's College, Cambridge, and Principal of St. David's College, 
Lampeter. Crown 8vo. [In preparation, 

St. John’s Epistles. — The Greek Text with Notes and Essa;^, 
by Brooke Foss WESTCOxf, Regius Professor of Divinity 

and Fellow of King'? College, Cambridge, Canon of Westminster, 
&c. Second Edition Revised. 8vo, I 2 s, 6d, 

St. Paul’s Epistles • — Greek Text, with Introduction and Note.<^. 

THE EPISTLE TO THE GALATIANS. Edited by the Right 
Rev. J. B. Lightfoot, D.D., Bishop of Durham. •Ninth 
Edition. Svo. I2s, 

THE EPISTLE TO THE tHILIPPIANS. By the same Editor. 
Ninth Edition Svo. I2.f. 

THE EPISTLE TO THE COLOSSIANS AND TO PHD 
LEMON. By the same Editor^ Eighth Edition, Svo. I2s, 

TOE EPISTLE TO THE ROMANS. Edited by the Very Rev. 

• C. J, Vaughan, D.D,, Dean of Llandaffi, and Master of the 
Temple. Fifth Edition. Crown Svo. yj. 6d, 

THE EPISTLE TO THE PHILIPPIiWS, with Translation, 
Paraphrase, and Notes for English Readers. By the same Editor, 
Crown 8vo. Ks. 

THE EPISTLE TO THE TIIESSALONTANS, COMMENT- 
ARY ON THE GREEK TEXT. By John Eauie, D.D., LL.D. 
Edited by the Rev. W, Young, M.A., with Preface by Professor 
aliens, Svo. I2J. i 
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St. Paul's Epistles, continued — 

THE EPISTLES TO THE EPHESIANS, THE COLOSSIANS, 
AND PHILEMON; with Introductions and Notes, and an 
Essay on the Traces of Foreign Elements in the Theology of these 
EpLiles. 13y the Rev. J. Llewelyn Davies, M.A., Rector of 
Christ Church, St. Marylebone; late Fellow of Trinity College, 
Cambridge. Second Edition, revised. Demy 8 vo. yj. ’ 6 ^^, 

THE TWO EPISTLES TO THE CORINTHIANS A COM- 
MENTARY ON. By the late Rev. W. Kay, D.D.', Rector of 
Great Leghs, Essex, and Hon. Canon of St. Albans ; formerly 
Principal of Bishop’s College, Calcutta; and Fellow and Tutor of 
Lincoln College. Demy 8 vo. 9 ^. 

The Epistle to the Hebrews, in Greek and English. 
With Critical and Explanatory Notes. Edited by Re,. FrederIvJ 
Rendall, M.A., formerly Fellow of Trinity College, Cambridge, . 
and Assistant-Master at Harrow School. Crown 8 vo. 6 x. 

The Epistle to the Hebrews. T;.e Greek Text with 
Notes and Essays by B. F. Westq’.ot't, D.D. 8vo. [/« the press. 

WestCOtt. — Works by Brooke Foss Westcott, D.D., Canon of 
Westminster, Regius Professor of Divinity, > .nd Fellow of King’s 
College, Cambridge. 

A GENERAL SURVEY OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Sixth Edition. With Preface on 
Supernatural Religion.” Crotfu Svo. loj. 6d, 
INTRODUCTION TO THE STUDY OF THE FOUR 
GOSPELS. Sixth Edition. Crown Svo. los. 6d. 

THE BIBLE IN THE CHURCH. A Popular Account of the 
Collection and Reception of the Holy Scriptures in the Christian 
C hurches. New Edition. l 8 mo, cloth. 4 ^. 6d, 

THE EPISTLES OF ST. JOHN. The Greek Text, with Notes 
and Essays. Second Edition Revi*«d. 8 vo. 12 s, 6d, 

TPIE EPISTLE TO THE HEBREWS. The Greek Text 
Revised, with Notes and Essays. Svo. [In the press, 

SOME THOUGHTS FROM^THE ORDINAL. Cr. Svo. is. 6d, 

Westcott and Hort. — the new testament in 

THE ORIGINAL GREEK. The Text Revised by S.' F. 
Westcott, D.D., Regius Professor of Divinity, Canon of 
Westminster, and F. J. A. Hort, D.D., Lady Margaret Pro- 
fessor of Divinity ; Fellow of Emmanuel College, Cambridge : late 
Felk)w.s of Trinity College, Cambridge. 2 vols. Crown Svo. 
10 ^. 6d. each. 

Vol. I. Text. 

Vol. 11. Introduction and Appendix. 



43IVINITY. 


79 


Westcott and Hort.— the new testament in 

THE ORIGINAL GREEK, FOR SCHOOLS. The Text 
Revised by Brooke Foss Westcott, j 3.D., and Fenton John 
Anthony Hort, D.D. i2mo. cloth, 4/. 6^/. 181110. roan, red 

ed^es. 5^. 6(/. 

Wilson THE BIBLE STUDENT’S GUIDE to tie more 

^ Correct Understanding of the English Translation of the Old 
‘ • l^est«,nicnt, by reference to the original Hebrew. By William 
, Wils( 3 n, D.D., Canon of Winche.steV, late Fellow of Queen’s 
Colleges Oxford, Second Edition, carefully revised. 4to. 
cloth. 25J. 

Wright.— THE BIBLE WOKD-BOOK : A Glossary of Archaic 
Words and Phrases in the Authorised Version of the Bible and the 
Book o^ Common Prayer. By W. Alois Wright, M. A., Fellow 
and Bursar of Trinity College, Cambridge. Second Edition, Revised 
and Enlarged. Crown 8vo. ys. 6 d, 

Yonge (Charlotte M.). — SCRIPTURE READINGS FOR 
' sciioor.s AISH) FAMILIES. By Charlotte M. Yonge. 
Author of “The Heir orR^dclylTc.” In Five Vols. 

First Series. Genesis to DEiJTf:R0^0MY. Extra fcap. 8vo. 
IS. 6d. With C(||nments, $s. 6d. 

Second Series. From Joshua to Solomon. Extra fcap, 
8 VO. ij*. 6d. With Comments, ;^s. 6d. 

Third Series. The Kings and the Prophets. Extra fcap. 

8vo. is, 6 d, With Comments, ^s. 6 d. 

Fourth Series. The Gospi^ Tjmes. is, 6 d. With Comment^, 
Extra fcap. Svo, 3^. 6^. 

Fifth Series. Apostolic Times. Extra fcap. Svo. is, (xl. 
With Comments, ^s. 6 d. 

Zechariah — L,owe. — the Hebrew student’s com- 
mentary ON zechariah, HEBREW and LXX. 

With Excursus on Syllable-dividing, Metheg, Initial Dagesn, and 
Siman Kapheh. By W. y, Lowe, M.A., Hebrew J.ecturer at 
Christas College, Cambridge. Demy Svo, los, 6d, 


A NEW G EOGRAPHICAL SERIES. 

Messrs. Macmillan & Co. propose to issue a series of geographical 
class-books prepared with this aim. They hav^ j^ilaced the editorship 
of the series in the hands of Mr. Archibald Geikie, P\R.S., Director- 
General of the Geological Survey of the United Kingdom, and the 
following gentlemen have already expressed their interest in the under- 
taking, and their willingness to assist either as writers or advisers. 

H. \V. Bates, F.R.S., Assistant- Secretary of the Royal Geographical 
Society ; Author of “The Nalur|Jist on the River Amazons.’* 

A, BIjBhan, M.A., F.R.S.E., Meteorological Secretary of the Scottish 
Meteorological Society. 



8 o MACMILLAN’S EDUCATIONAL CATALOGUE. 

A NEW GEOGRAPHICAL SERIES-c^^//w. 

John Scott Kei.tie,*' ‘Librarian and Inspector of Geographical 
Education to the Royal Geographical Society ; Editor of * ‘ The 
^ Sisi|esKaan!s^3(ear-Book. 

J. Norman Lockyer, F.R. S., Correspondent of the Institute of 
France; Author of “Solar Physics,” “Elementary J^cssons 
Astronomy,” &c. ^ 

Clements R. Markham, C.B., F.R.S., Secretary ot the Royal 
Geographical Society. 

John Murray, Ph.D., F.R.S.E., Director of the Challmgar Expe- 
dition Commission. 

Rev. n. F. Tozer, M.A., Fellow of Exeter College, Oxford; Author 
of “ The Geography of Greece,” ** Highlands of Turkey,” &c. 

E. B. Tylor, D.C.L., F. R.S., Keei:)er of the Univeiaty Museu-m, 
Oxford ; Author of “Primitive Culture,” &c. 

A. R. Wallace, LL.D,, P'.R.G.S., Author of “The Malay 
Archipelago,” “The Geographical Distribution of Animals,” 
&c. , &c. 

Rev. Edmond Warre, D.D., Heacf ’Master of Kton. 

Rev. J. E. C. Welldon,j.M.<‘A., Head Master of Harrow. 

The following List of Volumes is contemplat'wxi ; and it is hoped that 
one or more will be ready very soon : — 

I. The Teaching of Geography. A Practical Handbook for 

the use of Teachers. By Archibald Geikie, F.R.S., 
Director-General of the Geological Survey of the United 
Kingdom, and Directer oTthe Museum of Practical Geology, 
Jermyn Street, London ; formerly Murchison Professor of 
Geology and Mineralogy in the University of Edinburgh. 
Crown 8 vo. 2s. \^Ready. 

%* The aim of this volume is to advocate the claims of geography 
, as an educational discipline of a high order, and to show how 
these claims may be practically recognised by teachers, 
a. A Geography of the British Isles. 

3. An Elementary General ICeography. 

4. A Geography of the British Colonies. 

5 . A Geography of Europe. 

o. A Geography op America. 

7. A Geography of Asia. 

8. A Geography of Africa. 

9. A Geography of the Oceans and Oceanic Isi.ands. 

10. Advanced Ox.ass-Book of the Geography of Britain. 

II. Geography op Australia and New Zealand. 

12. Geography of British North America. 

13. Geography of India. 

14. Geography of the United States. 

15. Advanced Class-Book of the Geography of Europe. 
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